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ABSTRACT
Total and individual phenolic acids in firm-ripe fruit of 
ten different peach (Prunus persica Batsch.) genotypes were 
analyzed by spectrophotometry and high performance liquid 
chromatography (HPLC) and related to internal browning 
potential. A comparison of phenolic acid separation was made 
between five different column types. A Lichrosorb RP-18 column 
provided the best separation of the major phenolic acids in 
peach fruit mesocarp tissue. Quinic was the predominant 
phenolic acid, followed in concentration by gentisic, 
catechin, chlorogenic, and syringic acids. Cuantities differed 
between genotypes. The genotypes with the highest internal 
browning potential contained the highest concentration of 
chlorogenic acid, gentisic acid, and total phenolics.
Controlled atmosphere [ (1% 02, 4% 02, 7% 02, or 20% 02) + 
5% C02] (CA) storage was tested to determine its effect on 
several physical and chemical attributes of firm-ripe 
harvested fruit. The 1% 02 + 5% C02 and 4% 02 + 5% C02 stored 
fruit had lower concentrations of reducing sugars but higher 
sucrose than fruit stored in air. Fruit pH increased and 
titratable acidity decreased over the 40 day storage period. 
The 1% 02 + 5% C02 and 4% 02 + 5% C02 stored fruits were higher 
in citric and malic acid content than air stored fruit. Citric 
acid and malic acid decreased during storage. Little or no 
change in individual phenolic acids occurred during storage or
• • •VXXX
between 1% 02 + 5% C02and air storage. Internal color darkened 
and became redder with storage. CA stored fruit were 
significantly firmer than air stored fruit. Sensory evaluation 
indicated CA (1% 02 + 5% C02) stored fruit were more acidic, 
sweeter, and had better overall flavor than air stored fruit. 
Peach fruits held at room temperature for 2 days following 
storage at 0°C in air for 40 days developed external and 
internal browning and fruit quality deteriorated. Comparable 
fruit stored at 0°C under 1% 02 + 5% C02 had very little 
internal breakdown and retained good quality after 2 days at 
22°C. The 20% 02 + 5% C02 and air treatments had the highest 
percentage of fruit decay during storage at 0°C.
ix
INTRODUCTION
Peach fruit mesocarp tissue has a propensity to turn 
brown when bruised or injured during harvest and postharvest 
handling. Browning results primarily from the oxidation of 
polyphenolic compounds by the enzyme polyphenol oxidase 
(Hansche and Boynton, 1986). This reaction results in the 
formation of quinones that rapidly polymerize to form brown- 
colored pigments (Torres et al., 1987). Oxidized phenolic 
compounds alter fruit sensory properties, producing off- 
colors, bitterness, and astringency (Jaworski and Lee, 1987).
It is difficult to quantitate individual phenolic 
compounds because their chemical characteristics are similar 
(Jaworski and Lee, 1987).
Peaches are quite perishable and do not lend themselves 
to prolonged cold storage. Most peach cultivars held at 0°C 
have a storage life of 2-3 weeks. The fruit is also subject to 
chilling injury (Anderson and Penney, 1975). Growers and 
shippers are often not aware of the proper holding and 
shipping temperatures of peaches to minimize breakdown and 
maintain fruit quality. Peaches that are stored too long at 
low temperature (0-5°C) usually fail to ripen satisfactorily 
when transferred to higher temperature (Anderson, 1979, 1982) .
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The objectives of this study were:
1- To develop an HPLC methodology to separate individual 
phenolic acids in peach mesocarp tissue. Extraction 
solvents and HPLC columns tested had shown potential for 
phenolic acid separation with other tissues.
2- To determine the relationship between individual 
phenolic acids to total phenolic acids (determined by 
spectrophotometry) in ten different peach genotypes.
The relationship between individual and total phenolic 
acids and internal browning potential was established.
3- To determine some of the physical and chemical changes 
which occur in several Louisiana peach cultivars and 
genotypes during controlled atmosphere (CA) storage. 
Parameters measured were fruit firmness, pericarp color, 
pH, titratable acidity (TA), phenolic acids, soluble 
solids content (SSC), sugars, and organic acids.
Such experiments are of particular importance to breeders, 
growers and shippers in Louisiana and Egypt. Development of 
the methodology for separation of peach fruit phenolic acids 
could aid in the identification of low phenolic acid 
containing genotypes. This may lead to selection of peaches 
with less propensity for internal browning. Also, knowledge of 
the effect of CA storage on peach fruit could help in the 
development of improved transport technology for maintaining 
peach fruit quality. This may result in increased revenue to 
the producer and better marketing over a long period of time.
QUANTITATION OF THE MAJOR PHENOLIC ACIDS IN PEACH FRUIT
LITERATURE REVIEW
Various phenolic compounds in different fruit and plant 
tissues have been extracted using different solvents. 
Goldstein and Swain, (1963) used aqueous methanol solution to 
extract phenolic acids in different plant tissues. Luh et al., 
(1967) extracted phenolic acids in 'Halford' peach using 95% 
ethanol +0.1% HCl. Villeneuve and Abravanel, (1982) extracted 
grape phenolics using 1:1 (v:v) 2% metaphosphoric acid, 20% 
ammonium sulfate, 20% ethanol : ethyl ace.ate. Buta, (1984) 
used 2% acetic acid in 1M HCl to extract phenolics in soybean 
leaf tissue. Coseting and Lee, (1987) used 80% ethanol to 
extract phenolics in apple fruit. Senter et al., (1989) and 
Lee et al., (1990) extracted peach phenolics using aqueous or 
pure methanol.
Various phenolic compounds in peach fruit have been 
separated by spectrophotometry, including iso-chlorogenic, 
chlorogenic, and neo-chlorogenic acids (Corse, 1953) . Catechin 
acid, chlorogenic acid, and chlorogenic acid isomers in 
different peach cultivars have been separated on two- 
dimensional thin layer chromatography, polyacrylamide disc gel 
electrophoresis, paper chromatography, and by ultra-violet 
absorption (Craft, 1961; Luh et al., 1967; Paulson et al., 
1980). Other researchers have carried out separations by HPLC
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using various types of columns. Buta, (1984) separated 
protocatechuic, chlorogenic, catechin, epicatechin, caffeic, 
and p-coumaric acids in soybean plants on a Hamilton PRP-1 
column. Banwart et al., (1985) used an Ultrasphere ODS column 
to separate phenolic acids in soybean plant tissue. Azar et 
al., (1987), Brandi and Herrmann, (1983) and Mazza, (1986) 
used a Lichrosorb RP-18 column to separate chlorogenic acid, 
gentisic acid, catechin acid and syringic acid in saskatoon 
berries and grapes. Bio-Rad, (1987) reported the Aminex HPX- 
87C column separated shikimic and quinic acids standards. Bio- 
Rad, (1987) also reported the Aminex HPX-87H column separated 
protocatechuic, caffeic, and syringic acids standards. Limited 
research has been done using HPLC to separate phenolic 
compounds in peach fruit. Senter et al., (1989), using a 
reverse phase C-18 column, found the prominent phenolics in 
1Cresthaven' mesocarp tissue were chlorogenic acid, 
epicatechin, catechin, a caffeoyl derivative, and cyanidin. 
They also reported trace amounts of p-hydroxyphenylacetic, 
gallic, gentisic, and protocatechuic acids. Lee et al., 
(1990), also using a reverse phase C-18 column, found the 
major peach phenolic compounds were catechin, procyanidin Bj, 
chlorogenic, neochlorogenic and caffeic acid.
Quantitation of phenolics by HPLC generally provides 
better resolution, faster speed, and more sensitivity than 
paper chromatography or thin layer chromatography (Wulf and 
Nagel, 1976), and eliminates the need for derivatization
required with gas-liquid chromatography.
Discoloration (browning) of bruised flesh reduces the 
quality of fresh peaches and nectarines (Hansche and Boynton, 
1986). Normally, phenolic compounds are physically separated 
from polyphenoloxidase (PPO) enzyme in the intact tissue. When 
fruit are bruised, PPO can mix with phenolic compounds and 
chemical reactions occur which lead to browning (Kader and 
Chordas, 1984). The nitroso test (Kader and Chordas, 1984) was 
developed for fast qualitative determination of total 
phenolics and browning potential in peach tissue of different 
cultivars/genotypes.
The objectives of this study were to: 1) Develop an
extraction, separation, and identification methodology for 
quantitation of individual phenolic acids in peach mesocarp 
tissue; and 2) Study the relationship between individual 
phenolic acids and total phenolic acids in ten different peach 
genotypes and relate it to internal browning potential.
MATERIALS AND METHODS
Plant materials.
Fruit from nine peach genotypes ('La White', 74-A32-15,
77-A56-20, 0-85-144, 78-A72-68, 75-A69-3, 74-A28-28, 74-A28- 
30, and 74-A29-11) were obtained from the Louisiana 
Agriculture Experiment Station, Idlewild Research Station 
(Clinton, La.) and 'Elberta' fruit were obtained from the 
Louisiana Agriculture Experiment Station, Calhoun Research 
Station (Calhoun, La.). 'La White', 74-A32-15, 0-85-144, and
78-A72-68 fruit were harvested in June, 1987 while fruit from 
the other genotypes were harvested in July, 1987. All fruit 
were harvested at the firm-ripe stage referenced to peach 
color chip #6, (Delwicke and Baumgardner, 1985). Fruits were 
stored at 7°C and ambient relative humidity for 2 days prior 
to analysis.
Extraction solvents.
Forty g samples of mesocarp tissue from four different 
fruit of each genotype were extracted using ten different 
solvents. The solvents used were: 1) 80% ethanol, 2) 80%
methanol, 3) 80% methanol in 0.5% ascorbic acid, 4) 80%
ethanol in 1% HCl, 5) 80% methanol in 1% HCl, 6) 80% methanol 
in 1% HCl and 0.5% ascorbic acid, 7) 80% ethanol in 0.5%
ascorbic acid, 8) 80% ethanol in 1% HCl and 0.5% ascorbic
acid, 9) 2% acetic acid, and 10) a 1:1 (v:v) of 2%
metaphosphoric acid - 20% ammonium sulfate - 20% ethanol : 
ethyl acetate.
Samples were homogenized in 100 ml of solvent with a Virtis 45 
homogenizer (Virtis Co., Gardiner, NY) at high speed for 1 
minute at 22°C. The resulting slurry from each of the solvents 
( except 2% acetic acid ) was boiled for 15 minutes, cooled, 
and filtered through Whatman #4 paper. The residue and 
original container were washed with additional solvent and 
made to a final volume of 100 ml. HCl and ascorbic acid were 
added to enhance the extraction and to reduce phenolic acid 
oxidation.
The 2% acetic acid slurry was made up with 1 M HCl to 500 
ml, hydrolyzed at 85°C for 1 hr and extracted twice with equal 
volumes of ethyl acetate. The ethyl acetate fraction, which 
contained the phenolic acids, was evaporated under vacuum at 
65 °C and 17 kPa. The residue was dissolved in methanol and 
made to a final volume of 100 ml (Buta, 1984).
Stability of phenolic acids in the ethanol extraction 
solvent was compared at 22 °C after few hours, 0°C after 1 
week, and -80°C after 6 months.
Extraction methods.
Three different extraction methods were compared for 
'Elberta' peach using ethanol as the extraction solvent: 1) 
Filtration: the extraction slurry was immediately boiled for 
15 minutes, cooled, filtered as described above, and made to
a final volume of 100 ml; 2) Centrifugation:the slurry was 
boiled, made to a final volume of 100 ml, a 20 ml aliquot was 
centrifuged (32,57Ox g, 0°C, for 30 minutes) and the 
supernatant used for analysis; 3) Mechanical shaking: the
slurry was boiled, made to a final volume of 100 ml, and a 20 
ml aliquot was shaken for either 12 or 24 hrs (speed of 5) 
using a Buchler Evapomix (Buchler Instruments, Fort Lee, NJ).
About 5 ml of sample from each extraction method was 
filtered through a 0.45 HVLP membrane (Millipore, Bedford, 
MA) before injecting 20 /zl onto the HPLC column. A total of 
four phenolic acid determinations were made from each of the 
three different extraction methods using the same mesocarp 
tissue source.
Recovery studies and phenolic acid confirmation.
The percent recovery of four phenolic acids (quinic, 
gentisic, chlorogenic, and syringic acids) in peach mesocarp 
was determined by taking two equal weight portions (20 g) of 
the same tissue (1Elberta1); one portion was spiked with a 
known amount of phenolic acid (50 mg quinic acid, and 5 mg 
each of gentisic, chlorogenic and syringic acids) and the 
other was not. The samples were extxacted in 80% ethanol as 
described above. Percent recovery was calculated as [total 
amount in the spiked sample divided by (total amount in the 
unspiked sample + the amount of the spike)] x 100.
Identification of the phenolic acids in peach mesocarp
was confirmed by comparison of retention times to pure 
standards and by TLC separation on silica gel GF (Analtech, 
Newark, Del.). Individual phenolic acid fractions were 
collected after elution from the HPLC and freeze dried. The 
residue from each fraction was dissolved in methanol. 
Developing solvents were a mixture of toluene : acetic acid : 
ethanol (10:2:1) (Bobbio et al., 1985). The phenolic acids 
were examined under UV light and the Rf (distance of solute 
migration divided by distance of solvent migration) values 
were compared with standards dissolved in methanol.
Analytical grade phenolic acid standards (Sigma Chemical 
Co., St. Louis, MO) were made up in 80% ethanol at 0.005% or 
0.05% concentration following the identical extraction
procedure used for fruit tissue.
HPLC analysis of peach phenolics.
The analytical equipment consisted of a Beckman series 
340 liquid chromatograph (Beckman Instruments, Inc., Berkeley, 
CA) with dual model 112 pumps, model 210 injector fitted with 
a 20 jLtl sample loop, model 420 gradient controller, and model 
160 UV absorbance detector. The detector signal was
electronically integrated by a Hewlett Packard 3390A
integrator (Hewlett Packard, Avondale, PA) in the external 
standard mode. Phenolic acid separation was tested using five 
different individual columns. A 2-/j1 Rheodyne model 7302
column filter (Cotati, CA) was plumbed between the injector
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and guard column. The guard column and eluent used with each 
analytical column and respective flow rate, column temperature 
and UV detection wavelength are listed in Table 1. All 
solvents were degassed and HPLC grade.
The genotypes used in 1987 were used again in 1988 for 
quantitative determination of the major phenolic acids 
(quinic acid, gentisic acid, catechin acid, chlorogenic acid, 
and syringic acid) using the best solvent for extraction 
(i.e., 80% ethanol), the best method for extraction (i.e., 
centrifugation), and the best column for separation (i.e., 
Lichrosorb RP-18).
Table 1. Different HPLC columns and separation conditions for phenolic acids in peach fruit 
mesocarp tissue.

















40 x 4.6 mm 
i.d.
(Bio-Rad)
30% CH3CN and 
70% 0.0025 N 
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H,0 and 2% 
glacial acetic 




70% solvent (A) 




and 2% acetic acid 
in 0.018 M ammonium 
acetate)
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Table 1 (cont.). Different HPLC columns and separation conditions for phenolic acids in peach 
fruit mesocarp tissue.
OPTIMUM







20-35% B in A;
21.0-36.0 min 
35-45% B in A;
36.0-56.0 min 
45-90% B in A;
60.0-61.0 min 
90-100% B in Ar-
55.0-85.15 min




















TABLE 1 (cont.). Different HPLC columns and separation conditions for phenolic acids in peach 
fruit mesocarp tissue.
. OPTIMUM








aluminum 25 x 
2.3 mm i.d. 
(Hamilton)
Gradient;













0-5 min, 5% B 
in A;
5-10 min, 10% B 
in A;
10-15 min, 15% B 
in A;
15-20 min, 20% B 
in A;
20-25 min, 30% B 
in A;
25-30 min, 35% B 
in A; 30-35 min,
1.50 22 254
40% B in A
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Total phenolic acids.
Total phenolics in the peach genotypes were 
quantitatively determined by the method of Weurman and Swain, 
(1955) using a Beckman DM-65 spectrophotometer. The same 
method was used to determine which of the peach individual 
phenolic acids (qualitatively determined by HPLC) contributes 
the most to total phenolic acid concentration. Total phenolics 
were assayed at 640 nm with chlorogenic acid as the standard 
(Coseteng and Lee, 1987). Four individual fruit replicates 
were used per genotype.
Internal browning.
The nitroso method of Kader and Chordas (1984) was used 
to qualitatively measure total phenolic acid contribution to 
discoloration. Solutions of 0.05% and 0.005% quinic, gentisic, 
catechin, chlorogenic and syringic acids were added 
individually to cut longitudinal surfaces of mesocarp tissue. 
One drop of each of the following reagents was added 
sequentially by using plastic transfer pipettes: 10% NaN02, 
20% urea, and 10% acetic acid. Two drops of saturated NaOH 
solution were applied after four minutes. Intensity of the 
cherry-red color was visually compared between the genotypes. 
Discoloration was subjectively rated on a scale of 1 (no 
discoloration) to 10 (deep red-cherry color).
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Statistical analysis.
The experimental design was completely randomized (CRD). 
Analysis of variance (P<0.05), mean comparison (Duncan's 
multiple range test), and correlations were done by 
Statistical Analysis System, 1985 (SAS).
RESULTS
Extraction solvents.
The most effective solvents for extracting peach mesocarp 
phenolic acids were 80% ethanol and 80% methanol (Table 2). 
There were no differences between ethanol or methanol in 
phenolic acid extraction. Other solvents (especially ethanol 
or methanol plus ascorbic acid and/or HC1) produced absorbance 
peaks which interfered with detection of some phenolic acids 
and resulted in disappearance of others (Fig 1).
It was possible to separate only syringic and gentisic 
acids in peach mesocarp using a 1:1 mixture of 2% meta- 
phosphoric acid - 20% ammonium sulphate - 20% ethanol : ethyl 
acetate. Other unknown peaks interfered with the separation 
of quinic acid and catechin acid.
It was possible to separate only chlorogenic acid using 
2% acetic acid in 1 M HCl. The extraction procedure took about 
6 hrs.
Loss of phenolic acids in the ethanol extracts occurred 
during storage at 22°C and 0°C. Chlorogenic acid degraded into 
two peaks within a few hours at 22°C, and within a week at 
0°C. Chlorogenic acid loss was about 18% at 22°C and 10% at 
0°C. Phenolic acid extracts in 80% ethanol were stored for 6 
months without degradation at -80°C.
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Coseteng and Lee, 1987
80% methanol
1:1 (v:v) 2% meta- 
phosphoric acid - 
20% ammonium sulf­
ate - 20% ethanol 
: ethyl acetate
2% acetic acid in 
1M HCl
Goldstein and Swain, 1963 
Senter et al., 1989 and 
Lee et al., 1990
Villeneuve and Abravanel, 
1982
Buta, 1984
80% ethanol or 80% Luh et al., 1967 
methanol plus 0.5% 
ascorbic acid and/ 
or 1% HCl
mesocarp tissue using different
EXTRACTION PERFORMANCE
Extraction took only a few minutes. 
Phenolic acids extracted had sharp 
peaks with no interference with other 
peaks. It was possible to separate 
guinic, gentisic, catechin, 
chlorogenic, and syringic acids.
The same as in 80% ethanol.
It was possible to separate only 
syringic and gentisic acids.
Extraction took about 6 hrs. It was 
possible to separate only chlorogenic 
acid.
Extra peaks masked some phenolic acids; 
some other phenolic acids were not 
detected. It was possible to separate 
only guinic, gentisic, and chlorogenic 
acids. Separation of chlorogenic acid 
was not good.
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Figure 1. Separation of standard phenolic acids (prepared




Centrifugation at 32,570x g and 0°C gave the highest 
recovery of phenolic acids after homogenization, filteration, 
and making to volume (Table 3). Compared with centrifugation, 
mechanical shaking increased the length of the total 
extraction procedure and resulted in a significantly lower 
percent recovery, especially for quinic acid and gentisic 
acid. The differences in percent recovery of chlorogenic acid 
and syringic acid between centrifugation and mechanical 
shaking were not significant. Filtering the extracts through 
Whatman #4 lowered the percent recovery or quinic, gentisic 
and chlorogenic acids, but not significantly.
Table 3. Percent recovery of major phenolic acids in 'Elberta' 














Centrifugation 85 az 
(32,57Ox g,0°C)
93 a 90 a 89 a
Filtration 78 a 
(Whatman #4)
82 ab 82 a 88 a
Mechanical
shaking
12 hr. 79 a 63 b 85 a 94 a
24 hr. 63 b 77 ab 81 a 92 a
z : Mean separation within columns by Duncan's multiple 
range test, 5% level.
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HFLC analysis.
Substantial differences existed between HPLC columns in 
phenolic acid separation. Separation of the major peach fruit 
phenolic acid standards on the different columns are 
illustrated in Figs. 2-5. It was possible to separate syringic 
and shikimic acids (Fig. 2A) on the Aminex HPX-87C column. The 
separation of quinic acid was poor, which resulted in a broad 
short peak. Retention times were 9.7 min for syringic acid and 
10.5 min for shikimic acid (Table 4). Run time per analysis 
was about 14 min.
Citric acid and chlorogenic acid coeluted on the Aminex 
HPX-87H column (Fig. 2B). Quinic acid and ascorbic acid also 
coeluted. In addition, shikimic acid and p-coumaric acid 
coeluted. Retention times of the major phenolic acid standards 
separated on the Aminex HPX-87H column were 6.7 min for 
chlorogenic acid, 7.7 min for quinic acid, and 8.8 min for 
shikimic acid. Run time per analysis was about 14 min.
The only phenolic acid separated on the Ultrasphere ODS 
column was chlorogenic, with a retention time of 8.7 min (Fig. 
3A). Maleic and ascorbic acids interfered with the separation 
of shikimic acid. Run time per analysis was about 90 min.
Ascorbic, citric and shikimic acids coeluted at 1.5 min. 
on the Hamilton PRP-1 column (Fig. 3B). Catechin and 
chlorogenic acid also coeluted at 13.6 min. It was not 
possible to separate quinic acid on the Hamilton column. It 
was possible to separate gentisic acid at 14.8 min and
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syringic acid at 16.9 min. Run time per analysis was about 19 
min.
The Lichrosorb RP-18 column provided the best separation 
of standards for the major phenolic acids in peach fruit 
mesocarp tissue (Fig. 4) . Phenolic acids were baseline 
separated within 19 min. Ascorbic acid and shikimic acid 
coeluted at 2.7 min. In 'Elberta1 peach fruit tissue, quinic 
acid separated at 2.5 min, gentisic acid at 13.1 min, catechin 
acid at 14.7 min, chlorogenic acid at 16.3 min and syringic 
acid at 17.4 min (Fig. 5). Sensitivity of separation between 
gentisic and chlorogenic acids was highest at 313 nm. However, 
it was not possible to detect quinic acid and syringic acid at 
this wavelength. Since all the major phenolic acids were 
detected at 254 nm, this wavelength was used for quantitative 
analysis.
Various procedures were tried to circumvent the 
interference of sample ascorbic acid with detection of 
shikimic acid. Wavelength manipulation was not successful 
because the absorbance maxima of ascorbic acid was similar to 
shikimic acid. Boiling and oxidation did not eliminate 
ascorbic acid, but in fact resulted in more peaks. This may be 
related to the breakdown or the oxidation of other compounds 
in the extract. Addition of sodium dithionite (strong reducing 
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Figure 2. Separation of standard phenolic acids using:
(A) Aminex HPX-87C column (Bio-Rad)
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Figure 3. Separation of standard phenolic acids using:
(A) Ultrasphere ODS column (Beckman)
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Figure 5. Separation of 'Elberta' peach phenolic acids using 
Lichrosorb RP-18 column (Hibar) .
>
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Table 4. Retention time of major phenolic acids in peach fruit 
tissue using different columns.
COLUMN PHENOLIC ACID RETENTION TIME 
(MIN)
Aminex HPX-87C Syringic acid 9.7
Shikimic acid 10.5
Aminex HPX-87H Chlorogenic acid 6.7
Quinic acid 7.7
Shikimic acid 8.8
Ultrasphere ODS-RP Chlorogenic acid •CO









Phenolic acid peaks eluted from the Lichrosorb column were 
collected and co-chromatographed on thin layer chromatography 
(TLC) GF (gypsum with fluorescent indicator) plates with 
standard phenolic acids. Identification of the extracted 
phenolic acids were confirmed. Quinic acid and catechin acid 
had the lowest Rf , while chlorogenic acid had the highest 
(Table 5).
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Table 5. Rf values of phenolic acids separated by thin layer 







Mobile phase was 10:2:1 toluene : acetic acid : ethanol
Genotypic variation in phenolic acids.
Individual phenolic acid concentrations differed among peach 
genotypes (Table 6) . Quinic acid concentration was 
substantially higher than other phenolic acids in all 
genotypes. Catechin was the second most abundant phenolic 
acid, followed by chlorogenic, gentisic, and syringic acids. 
Quinic acid concentration was 10 times higher than catechin. 
Catechin acid concentration was nearly 3 to 4 times higher 
than chlorogenic acid and gentisic acid, respectively, which 
were both at least 4 times higher than syringic acid. Quinic 
acid concentration was lowest in 0-85-144 and 77-A56-20 and 
highest in 74-A32-15 and 'Elberta'. 'Elberta1, 74-A32-15, and 
75-A49-3 had the highest concentrations of catechin acid. 75- 
A49-3 and 'Elberta' had the highest concentrations of 
chlorogenic acid. 'Elberta', along with six other genotypes, 
had similar levels of gentisic acid. Only minor quantities of 
syringic acid were detected in each genotype.
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Table 6 . Concentration of the major phenolic acids in fruit 
mesocarp of ten different peach genotyp s.
PHENOLIC ACID (mg/100 g fr. wt.)
GENOTYPE
QUINIC CATECHIN CHLOROGENIC GENTISIC SYRINGIC
74-A32-15 286 az 31.7 a 4.7 C 5.4 ab 1.3 b
•Elberta* 279 a 35.0 a 15.5 b 8.2 a 0.8 b
74-A28-30 269 a 20.2 be 7.6 c 7.0 abc 1.4 ab
78-A72-68 247 ab 20.5 be 4.5 c 6.9 abc 0.9 b
'La White' 246 ab 17. 5 c 4.9 c 6.5 abc 2.2 a
75-A49-3 239 ab 29.4 ab 21.5 a 7.5 ab 2.1 a
74-A28-28 234 ab 19.2 be 7.2 c 5.8 abc 1.3 b
74-A29—11 207 b 20.2 be 6.4 c 4.1 c 1.2 b
77-A56-20 146 c 16.5 c 4.7 c 4.4 c 1.5 ab
0-85-144 145 c 14. 3 c 7.5 c 4.5 be 1.3 b
Mean of
pooled 230 22.5 8.5 6.0 1.4
genotypes
zMean separation within columns by Duncan's multiple range 
test, 5% level.
Internal browning.
The major phenolic acids were added individually (0.05 
and 0.005% concentration) to exposed mesocarp tissue following 
the nitroso test of Kader and Chordas, (1984) to determine 
their relative contribution to total browning. Chlorogenic 
acid gave the deepest cherry color, followed by gentisic acid. 
Quinic acid, catechin acid, and syringic acid produced no 
discoloration. 'Elberta' and 75-A49-3 had the deepest cherry 
color, while 'La White', 77-A56-20 and 0-85-144 had the 
lightest color (Table 7) . Among the five phenolic acids 
separated, chlorogenic acid gave the highest correlation with 
internal browning (Table 8) followed by catechin and gentisic
acids. Syringic acid gave the lowest correlation.
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Table 7. Internal browning and total phenolic acid 
concentration (spectrophotometric determination at 640 nm) in 








Elberta 10 168 ez
75-A49-3 9 143 d
78-A72-68 5 73 c
74-A32-15 4 73 c
74-A29-11 4 65 be
74-A28-30 3 46 ab
74-A28-28 3 48 abc
La White 1 38 a
77-A56-20 2 28 a
0-85-144 2 28 a
z Mean separation within columns by Duncan's multiple range 
test, 5% level.
y Intensity of red color rating scale: 1 = no discoloration; 
10 = deep red color; after 4 min at 22°C.
Table 8. Correlation between guinic, catechin, chlorogenic, 
gentisic, syringic, and total phenolic acids and the nitroso 











Total phenolic acid concentrations determined by 
spectrophotometry (Table 7) were substantially lower than the 
sum of individual phenolic acid concentrations in Table 6. The 
genotype order of rank for total phenolic acids determined by 
spectrophotometry generally was consistent with the HPLC rank, 
without quinic acid. 'Elberta' and 75-A49-3 had the highest 
concentrations of total phenolics while 0-85-144 had the 
lowest. Total phenolics ranged from 28 to 168 mg/lOOg. Total 
phenolic acids in peach fruit tissue had a strong correlation 
(R2 = 0.968) with internal browning (Table 8). It was found 
that quinic acid did not react with the reagents used to 
quantitate total phenolic acids, while catechin acid, 
chlorogenic acid, gentisic acid and syringic acid did react.
DISCUSSION
Extraction solvent.
The solvents tested for extraction of peach mesocarp 
phenolic acids had been used by other investigators to extract 
phenolics from different plant tissues (Table 2) . Goldstein 
and Swain (1963) used an aqueous methanol solution for 
extraction of phenolic compounds from plant tissue. Senter et 
al., (1989) and Lee et al., (1990) also extracted phenolic 
acids from peach mesocarp using aqueous methanol or pure 
methanol. In this study, the best two solvents for extracting 
peach fruit phenolic acids were 80% ethanol and 80% methanol.
A 1:1 mixture of 2% meta-phosphoric acid - 20% ammonium 
sulphate - 20% ethanol : ethyl acetate was used successfully 
by Villeneuve and Abravanel, (1982) to extract and separate 
grape phenolics, including syringic and gentisic acids. It was 
possible to separate syringic and gentisic acids in peach 
mesocarp using this solvent mixture, but not quinic or 
catechin acid.
Homogenization in two percent acetic acid in 1 M HCl, 
followed by extraction with equal volumes of ethyl acetate, 
was used by Buta (1984) to extract phenolic acids from soybean 
leaf tissue. It was possible to separate only chlorogenic acid 




The percent recovery of quinic, gentisic and chlorogenic 
acids was lowered upon filtering the extracts through Whatman 
#4. This may be due to absorption of phenolic acids on the 
filter paper. Also, the percent recovery of quinic, gentisic, 
and chlorogenic acids was lowered upon shaking. This maybe due 
to phenolic acid oxidation during the 12 and 24 hr of 
extraction.
Centrifugation at 32,570x g and 0°C gave the highest recovery 
of phenolic acids. Centrifugation was previously used by Luh 
et al., (1967) and Senter et al., (1989) to extract phenolic 
compounds in peaches. Also, Coseting and Lee, (1987) used 
centrifugation to extract phenolics in apple fruits.
HPLC analysis.
Separation of standard phenolic acids on the Aminex HPX- 
87C column was consistent with the results of Bio-Rad, (1987) 
who found shikimic acid to elute earlier (14.8 min) than 
quinic acid (16.5). However, the separation of quinic acid was 
poor. It was also possible to separate syringic acid.
Separation of standard phenolic acids on the Aminex HPX- 
87H column was not consistant with the results of Bio-Rad, 
(1987) who reported separation of caffeic and syringic acids. 
In this study, syringic acid was not separated. Caffeic acid 
and shikimic acid coeluted. This may be due to the use of a 
different concentration of mobile phase.
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Separation of phenolic acids on the Ultrasphere ODS 
column was not consistent with the results of Banwart et al.,
(1985), who reported separation of more phenolic acids. This 
may be due to the use of different extraction solvents, 
different extraction methods, different gradient and/or 
different gradient concentrations. The separation time was 
about 90 minutes, which was substantially longer compared to 
the other columns.
Separation of phenolic acids on the Hamilton PRP-1 column 
was consistant with the results of Buta (1984) who found 
chlorogenic acid and catechin acid coeluted (8.7 minutes). 
Also, caffeic acid eluted earlier (11.3 minutes) than 
p-coumaric acid (24.1 minutes).
Separation of peach fruit phenolic acids on the 
Lichrosorb RP-18 column was consistent with the results of 
Azar et al., (1987) who found chlorogenic acid from 'Bilberry' 
juice to elute earlier (18.8 minutes) than syringic acid (21.8 
minutes). Syringic acid eluted later than gentisic acid in 
grape juice on this column (Brandi and Herrmann, 1983). The 
two reports indicated gentisic acid did not absorb at 280 nm, 
but was detected at 335 nm. In this study, it was possible to 
detect gentisic acid at 254, 280, 313, and 326 nm. Mazza,
(1986), separated catechin (6.4 minutes) and chlorogenic acid 
(10.1 minutes) from 'Saskatoon' berries on the Lichrosorb RP- 
18 column. His results corroborated with this study of earlier 
separation of catechin than chlorogenic acid. Senter et al.,
(1989) quantitated phenolic compounds in 1Cresthaven' peach 
mesocarp using a C-18 reverse phase Pecosphere (Perkin Elmer) 
column. They reported chlorogenic acid, epicatechin, catechin, 
a caffeoyl derivative, and cyanidin to be the prominent 
phenolics. Trace amounts of several other phenolics, including 
gentisic acid were detected. Their reported concentrations for 
chlorogenic acid and catechin were on the order of 10 times 
greater than the concentrations reported in this study. This 
may be due to extraction methods, eluting solvents, cultivar 
differences and/or stage of maturity. Lee et al., (1990) 
separated phenolics into acidic and neutral fractions with C- 
18 Sep-Paks and then analyzed for individual phenolic acids by 
HPLC using a reverse phase C-18 column. The major phenolic 
acids they found in peaches were catechin, procyanidin B3, 
chlorogenic, neochlorogenic, and caffeic acids. It was 
possible to separate quinic, gentisic, catechin, chlorogenic 
and syringic acids from peach fruit tissues on the Lichrosorb 
RP-18 column.
The difference in phenolic acid separation between 
researchers may be explained by the use of different peach 
cultivars, different stages of maturity, different wave 
lengths different extraction methods, different mobile phases, 
different concentrations of mobile phase, or different 
columns. The difference in phenolic acids retention times 
between researchers may be explained by the use of different 
flow rates and the use of gradient or isocratic mobile phases.
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There is no one best column for the separation of all 
phenolic acids because: 1) many phenolics show similar
ultraviolet absorption spectra, with maxima in between 214-330 
nm (Jaworski and Lee, 1987); 2) phenolic compounds are
similar in their chemical characteristics (Jaworski and Lee, 
1987); and 3) organic acids in fruit tissue often elute at 
similar retention times to phenolic acids.
Genotypic variation in peach phenolic acids.
David et al., (1956) observed that quinic acid was 
widely distributed among various peach cultivars and has been 
reported to be the major acid in ripe fruit of some cultivars 
(Anet and Reynolds, 1953). Wankier et al., (1970) reported 
'Elberta' peach fruit had 3 to 5 times more quinic acid than 
apricots.
In this study, quinic acid was the major phenolic acid in 
peach mesocarp. Catechin acid was the second most abundant 
phenolic acid, followed by chlorogenic acid. This was 
consistent with the results of Craft, (1961) who reported 
chlorogenic and catechin acids were two of the principal 
phenolics separated from 'Elberta' peach mesocarp. Also, 
Paulson et al., (1980) isolated four chlorogenic acid isomers 
and catechin acid in peach mesocarp. Lee et al., (1990) found 
chlorogenic acid to be the major phenolic compound in most of 
the 15 cultivars they tested. Luh et al., (1967) found that 
chlorogenic acid concentration was higher than catechin acid
36
concentration in 'Halford' peach. In this study, catechin acid 
was higher in concentration than chlorogenic acid in all 
genotypes. Chlorogenic acid isomers often occur together in 
peach fruit tissues (Corse, 1953). It is possible that the 
chlorogenic acid peak obtained from peach tissues in this 
study included various isomeric forms.
Other phenolic acids have been detected in peach which 
differ from the ones reported in this study. The differences 
in concentration and type of phenolic acids found between 
investigators may be attributed to many factors, including 
differences in genotype, environmental growing conditions, 
maturity stage, method of extraction, and detection methods. 
Lee et al., (1990) found a significant difference in the 
concentration of certain phenolic compounds between growing 
season, cultivar, and stage of ripeness.
Internal browning.
Browning of peach fruit tissue results from the oxidation 
of polyphenolic compounds by PPO enzyme. This reaction results 
in the formation of quinones that polymerize to form brown 
colored pigments (Hansche and Boynton, 1986). Kertesz (1932) 
found large differences in polyphenolic content of bruised 
fruit sampled from different cultivars. Blake and Davidson, 
(1941) concluded that the major differences in polyphenolic 
content of different cultivars were genetically determined.
In the nitroso test of Kader and Chordas (1984), nitroso 
phenol formed after the reaction between phenolic compounds in 
peach tissue and the external NaN02 and acetic acid. The 
subsequent red color formed results from the reaction between 
the nitroso phenol and NaOH. There was a positive correlation 
between total phenolic concentration and intensity of red 
color formation. In this study, chlorogenic acid gave the 
deepest red-cherry color, followed by gentisic acid. Based on 
HPLC results, the deep red-cherry color of 'Elberta1 and 75- 
A49-3 may reflect the presence of high concentrations of 
chlorogenic and gentisic acids. Lee et al., (1990), however, 
indicated the contribution of chlorogenic acid and neo- 
chlorogenic acid to browning was less significant than that of 
other phenolic compounds, and attention should be given to 
catechin and procyanidin 83.
The results of this study are in disagreement with Lee et 
al., (1990). The nitroso test confirmed that chlorogenic acid 
strongly contributed to browning potential. Chlorogenic acid 
had the highest R2 correlation with intensity of red color 
among all phenolic acids tested. Senter et al., (1989) 
reported chlorogenic acid was a known substrate for enzymatic 
browning.
Total phenolic acids.
Total phenolic acid concentrations (Table 7) determined 
by spectrophotometry were substantially lower than the sum of
individual phenolic acid concentrations (Table 6) . This is due 
to quinic acid not reacting with the reagents used to 
quantitate total phenolics. Total phenolic acid concentration 
for 'Elberta' in this study was in the range found by Guadagni 
and Nimmo, (1953) but was lower than reported by Craft, 
(1961). Lee et al., (1990) also reported 'Elberta® to contain 
the highest amount of total phenolics among 15 cultivars. The 
concentration of total phenolics in the ten different 
genotypes was in the range found by Kader et al., (1982) for 
eight different peach cultivars at the over-mature stage. 
Robertson and Meredith, (1988) found that the total phenolic 
concentration in high- and low-quality peach cultivars ranged 
from 19 mg/lOOg (high quality) to 130 mg/lOOg (low quality). 
In this study, total phenolics ranged from 28 to 168 mg/lOOg. 
The genotype 0-85-144 had the highest quality (i.e., lowest 
phenolic acid concentration and lowest amount of browning) and 
'Elberta' and 75-A49-3 had the lowest quality. Total phenolics 
correlated positively with the intensity of red color (nitroso 
test) and had a R2 of 0.9678.
This study demonstrated that the best two solvents for 
extraction of peach phenolic acids were 80% ethanol and 80% 
methanol. Centrifugation at 32,570x g and 0°C was the most 
effective procedure to extract peach fruit phenolic acids. The 
Lichrosorb RP-18 column provided the best separation of the 
major phenolic acids in peach fruit tissue. Different 
genotypes had different concentrations of total and individual
phenolic acids. Identification of low phenolic acid containing 
genotypes may help peach breeders reduce internal fruit 
browning.
EFFECT OF CONTROLLED ATMOSPHERE STORAGE ON PEACH FRUIT QUALITY
LITERATURE REVIEW
Peaches that are stored too long at low temperature (0- 
5°C) often become fibrous, dry, and mealy (Davies et al., 
1937) and/or develop various degrees of internal breakdown 
after about 3-4 weeks in storage. Flavor, texture, and 
appearance may deteriorate to the extent that the fruit are no 
longer marketable (Anderson & Penney, 1975; Smith & Anderson, 
1975; and Haller, 1952). These disorders can be reduced and 
fruit quality maintained for a longer time by holding the 
fruit in warm conditions (20-26°C) for 2-5 days after harvest 
and before storage (Davies et al., 1937; Guelfat-Reich and 
Ben-Arie, 1966; Huelin et al., 1937; Kajiura, 1972) or by 
storing the fruit in CA (Anderson et al., 1969; Bogdan et al., 
1978; Hruschka, 1973; Kajiura, 1975; Mitchell et al., 1974; 
Munoz-Delgado et al., 1975; Olsen & Schomer, 1975; Watada et 
al., 1979).
Anderson et al., (1969) reported that peach flesh 
breakdown and discoloration can be delayed by storing fruit at 
0 ° C with an atmosphere of 1% 02 + 5% C02 . Fruit from many 
peach cultivars harvested firm-ripe can be stored for 6 weeks 
at 1% 02 + 5% C02 and then ripened at 18 °C with acceptable 
quality (Anderson et al., 1969). Claypool & Davis, (1959), 
however, found no beneficial effect of 1% or 2.5% 02 and noted 
that flavor of canned freestone peaches decreased as C02
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concentration increased above 5%. Brecht et al., (1982) found 
that 'Loadel' and 'Carolyn' peaches can be stored for up to 
four weeks under 2% 02 + 5% C02 at 1°C.
High C02 and low 02 storage atmospheres inhibit ethylene 
forming enzyme (EFE) and reduce respiration rates of fruits. 
Cellulase and protopectinase enzyme activities decrease under 
CA storage, which results in extended storage life (Kidd and 
West, 1930; Smock and Allen, 1937; Thornton, 1930). High C02 
concentrations (10% or higher) can cause mesocarp browning, 
accumulation of detrimental metabolic products, tissue 
breakdown, and abnormal flavor (Bate-Smith, 1954, Hulme, 1956, 
Kajiura, 1973, Neal and Hulme, 1958, O'Reilly, 1947, Olsen and 
Schomer, 1975, Smock, 1958, and Wankier et al., 1970 ). 
However, Wade, (1981) detected no off-flavor in 'J H Hale' 
peach stored in 20% C02.
The objectives of this study were:
1- To determine some of the physical and chemical changes 
which occur in several Louisiana peach cultivars and genotypes 
during CA storage.
2- To determine the best 02 concentrations for maintaining 
fruit quality and extending shelf life.
MATERIALS AMD METHODS
Plant materials.
'Elberta' peach was obtained from the Louisiana 
Agriculture Experiment Station, Calhoun Research Station 
(Calhoun, LA) in July, 1988. 'La Pecher' and 0-85-144 
genotypes were obtained in June, 1989 and 'Hawthorne' was 
obtained in June, 1990 from the Louisiana Agriculture 
Experiment Station, Idlewild Research Station (Clinton, LA). 
Fruits were hand harvested at the firm-ripe stage referenced 
to peach color chip #6 (Delwiche and Baumgardner 1985) and 
transported to Baton Rouge within 2 hr of harvest. Fruits were 
sorted to eliminate defects and were matched by color, size, 
and firmness into treatment lots. Four individual fruit 
replicates were used per treatment in 1988, while six 
individual fruit replicates were used in 1989 and 1990.
CA treatment.
Fruits were put into 16.8 liter plastic containers and 
fitted with same length inlet and outlet tubes for CA and air 
treatments. After sealing the containers, the desired 
atmospheres were established as following:
Three cylinders were used as source tanks (liquid 02 , gas 
C02 and liquid N2) . Overall flow rate was [16.8 liters divided 
by 60 min] 270 ml/min which provided 1 atmosphere exchange per 
hr. Amount of individual gases delivered into the container
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was calculated (in ml/min) by: overall flow rate (ml/min) x 
gas concentration desired (1% 02 , 5% C02 or 94% N2) . The
reading at the center of the flowmeter ball was taken from a 
precalibrated chart (Cole-Parmer Instrument & Equipment Co., 
Chicago, IL).
No filters for ethylene absorbance were used because the 
objective was to run the experiment under normal ripening 
conditions.
The containers were stored at 0°C and flushed with one 
atmosphere air exchange per hour. Oxygen going out of 
containers was monitored once a day by a Beckman Model 864 02 
Analyzer (Beckman Industrial Corp., La Habra, CA) . Relative 
humidity inside the containers was maintained near 100% by 
bubbling the gases through water before entering the 
containers.
In 1988 (preliminary study), the CA treatment was 1% 02 
+ 5% C02 (1+5) . Fruit analyses were made the day of harvest. 
In addition, fruit were taken after 14, 28, 42, and 56 days of 
storage at 0°C and left to ripen at room temperature (22°C) 
for 2 days before analysis. The cultivar 'Elberta' was used.
In 1989, the CA treatment was 1% 02 + 5% C02 (1+5).
Samples were taken the day of harvest, and after 10, 20, 30, 
and 40 days of storage. Samples were analyzed upon removal 
from the cooler and after two days at 22°C. The genotypes 'La 
Pecher' and 0-85-144 were used.
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In 1990, the CA treatments were 1% 02 + 5% C02 (1+5) , 4% 
02 + 5% C02 (4+5) , 7% 02 + 5% C02 (7+5) , and 20% 02 + 5% C02
(20+5). Samples were analyzed the day of harvest and after 21 
and 42 days of storage. No analysis was done after ripening at 
22°C. The cultivar 'Hawthorne' was used.
Fruit quality parameters.
Firmness. A UC Firmness Tester (Western Ind. Supply, PAT. 
PEND., Univ. of California) with a 0.79 cm tip was used to 
measure fruit firmness. Fruit were peeled before testing and 
the firmness value was based on the average of four 
measurements from different quarters of the fruit.
Dry weight. Ten g of grated peach mesocarp were weighed in a 
tared aluminum pan, dried at 70°C for 2 days, then re-weighed. 
Weight of the tared pan was subtracted and % dry weight was 
calculated.
Internal color. Internal color of fruit longitudinal sections 
was quantitated with a Gardner Colorimeter (Gardner Laboratory 
Inc., Bethesda, MD) . The instrument was calibrated with a 
standard brown reference plate ( L=25.6, a=27.3, b=12.9 ) . The 
longitudinal section was put over the large aperture of the 
colorimeter. One reading was taken for each individual fruit 
replicate.
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Soluble solids content (SSC), pH, and titratable acidity (TA).
Twenty g of grated pericarp tissue from each fruit were 
homogenized in 80 ml distilled water for one min at high speed 
using a Virtis 45 homogenizer (Virtis Co., Gardiner, NY). A 
disposable plastic transfer pipette was used to transfer about 
1 ml of homogenate onto a digital RFM80 refractometer (Kernco 
Instrument, Co. Inc., El Paso, TX) for SSC determination. The 
results were multiplied by 5 to compensate for the 1:5 
dilution factor. Fifty ml of homogenate were put in a 100 ml 
beaker, stirred, and pH was measured directly with an Orion 
combination pH meter (Cole-Parmer Instrument Co. , Chicago, 
IL). Titratable acidity was determined by titrating 50 ml of 
homogenate to pH 8.0 with 0.1 N NaOH.
Phenolic acids. Phenolic acids were analyzed as previously 
described. Briefly, 40 g of grated pericarp tissue from each 
individual fruit replicate were homogenized in 80% ethanol for 
1 minute at high speed using a Virtis 45 homogenizer. The 
resulting slurry was boiled for 15 minutes, cooled, and made 
to a final volume of 100 ml. An aliquot was centrifuged in a 
Sorvall RC-5B refrigerated superspeed centrifuge (Du Pont Co. 
Newtown, CT) at 32,570x g, 0°C, for 30 min. About 5 ml of 
sample supernatant were filtered through a 0.45 jiim HVLP 
membrane (Millipore, Bedford, MA) before injecting 20 nl onto 
the HPLC column.
A Beckman series 340 liquid chromatograph (Beckman 
Instruments, Inc., Berkeley, CA) equipped with dual model 112
pumps, model 210 injector fitted with a 20 nl sample loop, 
model 420 gradient controller, and model 160 UV absorbance 
detector was used. The detector signal was electronically 
integrated by a Hewlett Packard 3390A integrator (Hewlett 
Packard, Avondale, PA) in the external standard mode using an 
attenuation of 4 and chart speed of 0.4 cm/min. Phenolic acids 
were separated using a 250 mm X 4 mm i.d. Lichrosorb RP-18 
column (Hibar, EM Science, Darmstadt, FRG). Plumbed between 
the injector and the analytical column were a 2-jul Rheodyne 
model 7302 column inlet filter (Rheodyne, Cotati, CA) and a 
Lichrosorb 10 PVDF guard column (E.M. Science, Darmstadt, 
FRG). The mobile phase used was: 0.1% formic acid (solvent A) 
and methanol (solvent B) . Solvents were degassed and HPLC 
grade. The gradient followed was: 0-4 min, 1% B in A? 4-10 
min, 22% B in A; 10-12 min, 27% B in A; 12-25 min 37% B in A. 
Flow rate was 1 ml/min and column temperature was 22°C. UV 
detection wavelength was 254nm. Analytical grade phenolic acid 
standards (Sigma, St. Louis, MO) were made up in 80% ethanol 
at 0.005% or 0.05% concentration following the extraction 
procedure used for fruit tissue.
Sugars and organic acids. Ten g of grated pericarp tissue from 
each individual fruit replicate were homogenized in 80% 
ethanol for 1 min at high speed using a Virtis 45 homogenizer. 
The resulting slurry was boiled for 15 minutes, cooled, 
filtered through Whatman #4 paper and made to a final volume 
of 100 ml. About 5 ml of sample was filtered through a 0.45 /zm
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filter membrane before injecting 20 fil onto HPLC column.
The procedure of Picha, (1985a) was followed to
quantitate individual fruit sugars. Briefly, a Beckman series 
340 liquid chromatograph was used, equipped with a model 112 
pump, model 210 injector fitted with a 20 /il sample loop, and 
a model 156 refractive index detector. The detector signal was 
electronically integrated by a Varian 401 integrator in the 
external standard mode using an attenuation of 16 and a chart 
speed of 0.5 cm/min. Sugars were separated with a 300 mm X 7.8 
mm i.d. column packed with Aminex HPX-87 C resin (Bio-Rad 
Labs, Richmond, CA) heated to 75°C. Plumbed between the
injector and the analytical column were respectively: a 2jul 
Rheodyne 7302 column inlet filter; a 40 mm x 4.6 mm amino 
bonded phase guard cartridge packed with Bio-Sil NH2 resin 
(Bio-Rad Labs, Richmond, CA). The mobile phase was degassed 
HPLC-grade 70% CH3CN: 30% H20 at a flow rate of 1.0 ml/min. 
Sugar standard preparation followed the same procedure as 
peach extract preparation. For a 1% standard of any sugar, 
l.OOOg of analytical grade sugar (Sigma Chemical Co.,St. 
Louis, MO) was homogenized in 80% ethanol, boiled, filtered, 
and made up to 100 ml with 80% ethanol.
The procedure of Picha, (1985b) was followed to
quantitate individual fruit organic acids. Briefly, a Beckman
series 340 liquid chromatograph was used, equipped with a 
model 112 pump, model 210 injector fitted with a 20-/zl sample 
loop, and a model 160 UV detector at a fixed wavelength of 214
nm. The detector was set at 0.100 absorbance units (AU) and 
the peak area of the signal was electronically integrated by 
a Vista 401 integrator (Varian Assoc., Sunnyvale, CA) in the 
external standard mode by using an attenuation of 4 and a 
chart speed of 0.5 cm/min. Organic acids were separated with 
dual 300 mm X 7.8 mm i.d. Aminex HPX-87H columns in series 
(Bio-Rad Laboratories, Richmond, CA). Column temperature was 
maintained at 75°C with an SSI column heater (Scientific 
Systems, State College, PA). Plumbed between the injector and 
the analytical column were respectively a 2-/xl Rheodyne model 
7302 column inlet filter (Rheodyne, Cotati, CA) and a 40 X 4.6 
mm ion exclusion guard cartridge packed with Aminex HPX-85H 
resin (Bio-Rad Laboratories). The mobile phase was degassed 
0.0008 N H2S04 made by diluting concentrated sulfuric acid in 
HPLC-grade water. Flow rate was 0.6 ml/min. Organic acid 
standard preparation followed the same procedure as sample 
preparation. Organic acid standards were prepared in the 
concentration ranges found in peaches (Ulrich, 1970). For a 
0.3% standard of any organic acid, 0.300 g of analytical grade 
organic acid (Sigma Chemical Co., St. Louis, MO) was 
homogenized in 80% ethanol, boiled, filtered, made up to 100 
ml with 80% ethanol, and ultrafiltered before injecting into 
the HPLC.
Sensory quality. In 1989, 8 fruit from each treatment were 
washed, sliced into small pieces (3x10 cm), and placed onto
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coded plates for evaluation. A panel of 15 untrained judges 
rated 'La Pecher1 and 0-85-144 peach sensory quality for 
astringency, acidity, sweetness, and overall flavor after 32 
and 42 days of storage. The categories used to judge the peach 
tissue were unacceptable=1 and excellent=5 for sweetness and 
overall flavor; and high=l and low=5 for astringency and 
acidity.
Decayed fruits. Decayed (physiological breakdown) fruits were 
distinguished by a reticulated brown pattern on the skin along 
with some skin cracking. The decay appeared as external brown 
spots with internal brown and mushy flesh lacking flavor. In 
the 1990 experiment, decayed 1Hawthorne' fruits were counted 
in each container. The percentage of decay was calculated by 
dividing the number of decayed fruits by the total number of 
fruits multiplied by 100.
Statistical analysis.
The experimental design was completly randomized (CRD) 
with a factorial arrangement of treatments. Analysis of 
variance (P<0.05) and mean comparison (Duncan's multiple range 
test) was done by Statistical Analysis System (SAS, 1985).
The model used for analysis contained treatment and time 
effects as main factors in 1988, 1989, and 1990. The effect of 
holding the fruits for 2 days at 22 °C (ripening effect) 
following removal from 0°C (cooler effect) was added to the 
model in 1989. The interest was to study the effect of main
factors only (i.e., treatment, storage time, temperature 
effects). Treatment x storage time, treatment x temperature, 
and storage time x temperature interactions were also included 
in the model. Significant interactions in Analysis of Variance 
(ANOVA) tables were compared by Least Squares Means and are 
listed in the appendices. Initial time data (at harvest, prior 
to treatment) were not used in the analysis because they 
produced an unequal set of data. However, these data are 
included to show treatment trends.
RESULTS
CONTROLLED ATMOSPHERE EFFECT.
1988 AND 1989 Experiment.
The effect of CA storage on peach fruit physical and 
chemical characteristics is shown in Tables 9-11. 'Elberta', 
'La Pecher' and 0-85-144 peach fruit stored under 1+5 were 
firmer than air stored fruit. The 'a' color value, which 
indicates the relative green (-) or red (+) color of a sample, 
decreased during 1+5 storage. The 'L' color value, which 
measures relative white (100) to black (0) color, increased 
during 1+5 storage. The 'b' color value, which measures 
relative yellow (+) to blue (-) color, also increased during 
1+5 storage. Storage at 1+5 had no effect on the SSC, but did 
result in a lower fruit pH and higher TA than air stored 
fruit. The percentages of glucose and fructose were lower, 
while sucrose was higher in 1+5 than air stored fruit. Total 
sugar concentration was not affected by storage treatment. The 
1+5 stored 'Elberta' and 0-85-144 fruit had more malic acid 
than air stored fruit. Malic acid differences between 1+5 and 
air treatments were not significant in 'La Pecher' fruit. 
Citric acid was significantly higher in 1+5 stored 'Elberta', 
'La Pecher' and 0-85-144 fruit than air stored fruit. Little 
or no significant differences in individual phenolic acid 
contents existed between air and 1+5 treatments in 'Elberta',
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'La Pecher' and 0-85-144 fruits. The concentrations of 
individual phenolic acids were generally lower in 1+5 than in 
air treatments.
'La Pecher' and 0-85-144 fruit stored in 1+5 had higher 
acidity than air stored fruit (Tables 10&11). Astringency 
differences between 1+5 and air stored 'La Pecher' and 0-85- 
144 fruit were not significant. The 1+5 treated 'La Pecher' 
fruit was significantly sweeter and had better overall flavor 
than air stored fruit. The differences in sweetness and 
overall flavor between 1+5 and air stored 0-85-144 fruit were 
not significant (Table 11) . There were no significant 
differences in the % dry weight (DW) between treatments in all 
genotypes.
1990 Experiment.
In 'Hawthorne', 1+5, 4+5, and 7+5 were the most effective 
CA treatments in maintaining firmness (Table 12) . The 1+5, 
4+5, 7+5, and 20+5 stored fruit had lower SSC than air stored 
fruit. The 1+5 and 4+5 stored fruit had lower % glucose than 
air stored fruit. The 7+5 and 20+5 stored fruit had a higher 
% glucose than air stored fruit. The 1+5 and 4+5 stored fruit 
had a lower fructose and pH content than air stored fruit. TA, 
sucrose and malic acid content were higher in 1+5 and 4+5 
stored fruit than in air stored fruit. There were no 
significant differences between 7+5, 20+5 and air stored fruit 
in fructose, sucrose, pH, TA, and malic acid. There were no
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differences between 1+5, 4+5, 7+5, 20+5, and air treatments in 
DW, total sugar, and citric acid content.
The 1+5, 4+5, and 7+5 treatments had less fruit decay 
than air stored fruit (Table 13). Air and 20+5 treatments had 
the highest percentage of decay.
TABLE 9. Effect of storage at 0°C in air or CA (1% 02+ 5% 




1% 02 & 5% co2
Firmness (N) 12.37 b z 25.04 a
% Dry weight 10.40 a 10.30 b
Gardner L 52.50 b 62.10 a
Gardner a 11.90 a 9.80 b
Gardner b 27.00 b 33.10 a
Soluble solids (°Brix) 9.88 a 9.81 a
%Glucose 2.63 a 1.97 b
%Fructose 2.58 a 1.67 b
%Sucrose 4.41 b 5.95 a
%Total sugars 9.63 a 9.58 a
pH 4.50 a 4.10 b
TA ♦ 5.06 b 8.45 a
%Malic acid 0.22 b 0.27 a
%Citric acid 0.66 b 0.82 a
Quinic acid y 291.00 a 241.00 b
Gentisic acid 9.40 a 7.90 a
Catechin acid 60.70 a 51.90 a
Chlorogenic acid 18.70 a 16.70 a
Syringic acid 2.30 a 1.90 a
z : Mean separation within rows by Duncan's multiple range 
test, 5%level. 
y : mg/100 g fr.wt.
♦ : ml of 0.IN NaOH.
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TABLE 10. Effect of 
C02) on 'La Pecher' 
parameters.
storage at 0"C in air 
peach fruit physical





1% 02 & 5% CO.
Firmness (N) 9.79 b 2 19.04 a
%Dry weight 10.20 a 10.20 a
Gardner L 53.00 b 56.00 a
Gardner a 27.00 a 25.00 b
Gardner b 31.00 b 33.00 a
Soluble solids (°Brix) 8.30 a 8.00 a
%Glucose 1.37 a 1.23 b
%Fructose 1.28 a 1.10 b
%Sucrose 5.08 b 5.48 a
%Total sugars 7.74 a 7.80 a
pH 3.73 a 3.60 b
TA ♦ 7.36 b 8.32 a
%Malic acid 0.33 a 0.34 a
%Citric acid 0.48 b 0.60 a
Quinic acid y 348.00 a 327.00 a
Gentisic acid 25.20 a 25.50 a
Catechin acid 21.20 a 19.60 a
Chlorogenic acid 6.50 a 6.76 a
Syringic acid 0.87 a 0.72 b
Astringency x 3.20 a 3.30 a
Acidity 3.70 a 2.90 b
Sweetness H 2.70 b 3.20 a
Overall flavor 2.40 b 3.10 a
z : Mean separation within rows by Duncans multiple range 
test, 5% level. 
y : mg/100 g fr.wt. 
x : l=high 5=low 
w : l=unacceptable 5=excellent 
♦ : ml of 0.1N NaOH.
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TABLE 11. Effect of storage at O'C in air or CA (1% 02 + 5%




1% 02 & 5% co2
Firmness (N) 17.26 b z 25.44 a
%Dry weight 10.30 a 10.30 a
Gardner L 56.00 b 57.00 a
Gardner a 28.00 a 26.00 b
Gardner b 33.00 a 34.00 a
Soluble solids (°Brix) 9.24 a 9.08 a
%Glucose 1.55 a 1.29 b
%Fructose 1.19 a 0.98 b
%Sucrose 5.79 b 6.22 a
%Total sugars 8.53 a 8.49 a
PH 3.84 a 3.80 a
TA ♦ 7.13 a 7.32 a
%Malic acid 0.40 b 0.43 a
%Citric acid 0.28 b 0.34 a
Quinic acid y 227.00 a 204.00 b
Gentisic acid 7.78 a 6. 63 b
Catechin acid 12.60 a 11.40 a
Chlorogenic acid 6.19 a 5.70 a
Syringic acid 1.35 a 1.12 b
Astringency x 3.39 a 3 .27 a
Acidity 3.70 a 3.20 a
Sweetness H 3.10 a 2.73 a
Overall flavor 2.70 a 3.00 a
z :Mean separation within rows by 
test, 5% level. 
y : mg/100 g fr.wt. 
x : l=high 5=1ow 
“ : l=unacceptable 5=excellent
Duncan's multiple range
♦ : ml of 0.IN NaOH.
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TABLE 12. Effect of storage at 06C in air or CA (1%, 4%, 7%
& 20% 02 + 5% C02) on 'Hawthorne* peach fruit physical and
chemical parameters.
TREATMENT
PARAMETER 1 4 7 20 (AIR)
Firmness (N) 17.50 az 13.60 ab 10.94 b 6.20 C 5.90 c
%Dry weight 
Soluble solids
10.20 a 10.30 a 10.30 a 10.30 a 10.30 a
(°Brix) 8.17 b 8.42 b 8.33 b 8.42 b 9.71 a
%Glucose 1.74 d 1.80 cd 2.22 ab 2.38 a 2.07 be
%Fructose 1.19 c 1.39 b 1.84 a 1.85 a 1.85 a
%Sucrose 5.16 a 5.05 a 4.45 b 4.24 b 4.52 b
%Total sugars 8.10 a 8.24 a 8.50 a 8.47 a 8.43 a
pH 4.36 b 4.34 b 4.52 a 4.68 a 4.55 a
TA ♦ 4.00 a 4.43 a 3.76 b 3 .46 b 3.80 b
%Malic acid 0.32 a 0.31 a 0.25 b 0.24 b 0.27 b
%Citric acid 0.07 b 0.08 ab 0.08 a 0.07 ab 0.07 b
z :Mean separation within rows by Duncan's multiple range 
test, 5% level.
♦ : ml of 0.1N NaOH.
TABLE 13. Effect of storage at 0°C in air or CA (1%, 4%, 7% & 





4 7 20 AIR
% of fruit decay*
3 weeks 3 18 33 50 67
6 weeks 20 42 52 63 83
* Based on a total of 50 fruit.
The percentage of decay= the number of decayed fruits 




Firmness decreased significantly in all genotypes during 
storage at 0°C (Tables 14, 15, 16 & 17). There were little 
differences in % DW during storage. 'L' and 'b' values 
decreased in 'Elberta" and "La Pecher8 during storage. The "a' 
value increased in 'La Pecher' and 0-85-144 during storage. 
SSC, glucose, fructose and total sugar content increased 
during storage in ’La Pecher' and 0-85-144 fruit. SSC 
decreased in 'Elberta' during storage while total sugars 
increased up to 44 days, followed by a decrease. Sucrose 
increased after 10 and 20 days but subsequently decreased in 
'La Pecher' and 0-85-144. Sucrose decreased during storage in 
'Elberta' fruit. SSC and total sugars did not change 
significantly during storage in 'Hawthorne', while glucose and 
fructose increased and sucrose decreased.
TA, malic acid and citric acid decreased while pH 
increased during storage in 'Elberta', 'La Pecher', 0-85-144, 
and 'Hawthorne' fruits.
Quinic and gentisic acids increased in 'Elberta' fruit 
during storage, while chlorogenic and syringic acids increased 
up to 44 days, followed by a decrease (Table 14) . Catechin 
acid increased in 'Elberta' fruit up to 30 days, followed by 
a decrease. Catechin, chlorogenic, and syringic acid 
concentrations increased in 'La Pecher' fruit while quinic and 
gentisic acid concentrations did not change during storage 
(Table 15) . Individual phenolic acids increased in 0-85-144
fruit during storage (Table 16).
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TABLE 14. Effect of storage (at 0°C) duration on 'Elberta' 
peach fruit physical and chemical parameters.
DAYS
PARAMETER 0X 16 30 44 58
Firmness (N) 27.90 az 9.50 b
%Dry weight 10.30 a 10.40 a
Gardner L 64.00 a 50.70 b
Gardner a 13.20 a 8.40 b
Gardner b 35.20 a 25.00 b
Soluble solids
(°Brix) 10.40 a 9.30 b
%Glucose 1. 65 1.82 C 2.24 b 2.58 a 2.50 a
%Fructose 1.12 1.58 C 2.05 b 2.30 ab 2.50 a
%Sucrose 6.75 6.56 a 5.43 b 4.80 c 3.96 d
%Total sugars 9.52 9.96 a 9.71 a 9.68 a 9.04 b
pH 4.22 b 4.40 a
TA ♦ 7.50 a 6.30 b
%Malic acid 0.40 0.36 a 0.27 b 0.19 c 0.19 c
%Citric acid 0.76 0.84 a 0.74 a 0.79 a 0.64 a
Quinic acid y 278.00 179.00 b 296.00 a 270.00 a 312.00 a
Gentisic acid 9.33 8.17 a 8.23 a 8.25 a 9.80 a
Catechin acid 60.50 63.90 a 81.60 a 50.20 b 31.40 c
Chlorogenic acid 14.50 18.30 a 21.60 a 17.90 a 11.70 b
Syringic acid 1.60 2.60 a 2.60 a 2.02 a 1.40 a
z : Mean separation within rows by Duncan's multiple range 
test, 5% level. 
y : mg/100 g fr.wt.
x : Initial values at harvest, prior to treatment.
♦ : ml of 0.IN NaOH.
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TABLE 15. Effect of storage (at 0°C) duration on 'La Pecher'
peach fruit physical and chemical parameters.
PARAMETER 0 x 10
DAYS
20 30 40
Firmness (N) 32.80 17.30 a z 14.30 ab 12.50 b 14.20 ab
%Dry weight 10.20 10.20 ab 10.20 a 10.10 b 10.10 b
Gardner L 73.00 53.00 b 52.00 b 56.00 a 55.00 a
Gardner a 15.00 25.00 b 25.00 b 27.00 a 27.00 a
Gardner b 
Soluble solids
41.00 32.00 b 31.00 b 34.00 a 32.00 b
(°Brix) 8.00 8.70 a 8.60 a 6.90 b 8.40 a
%Glucose 1.12 1.06 d 1.18 c 1.42 b 1.54 a
%Fructose 0.88 0.91 d 1.11 c 1.30 b 1.45 a
%Sucrose 5.67 5.70 a 5.63 a 4.98 b 4.79 b
%Total sugars 7.67 7.68 a 7.92 a 7.70 a 7.78 a
pH 3.42 3.54 c 3.62 b 3.74 a 3.76 a
TA ♦ 10.10 8.92 a 7.97 b 7.20 c 7.29 c
%Malic acid 0.41 0.39 a 0.35 b 0.30 c 0.30 c
%Citric acid 0.60 0.62 a 0.48 b 0.48 b 0.57 a
Quinic acid y 351.00 338.00 a 334.00 a 335.00 a 346.00 a
Gentisic acid 29.20 23.30 b 22.90 b 25.10 ab 29.10 a
Catechin acid 17.90 14.90 c 19.60 b 20.90 b 25.70 a
Chlorogenic acid 6.50 6.32 a 7.01 a 6.23 a 6.83 a
Syringic acid 0.66 0.76 b 0.69 b 0.76 b 0.96 a
z : Mean separation within rows by Duncan's multiple range 
test, 5% level. 
y : mg/100 g fr.wt.
x : Initial values at harvest, prior to treatment.
♦: ml of 0.IN NaOH.
TABLE 16. Effect of storage (at 0°C) duration on 0-85-144




Firmness (N) 47.60 21.50 az 24.30 a 19.60 a 18.70 a
%Dry weight 10.10 10.40 a 10.30 a 10.20 b 10.20 c
Gardner L 55.00 57.00 b 59.00 a 52.00 c 59.00 a
Gardner a 23.00 26.00 b 26.00 b 32.00 a 26.00 b
Gardner b 
Soluble solids
33.00 34.00 b 35.00 a 30.00 c 34.00 b
(°Brix) 8.40 9.77 a 8.56 c 9.35 ab 8.93 be
%Glucose 1.02 1.23 c 1.20 c 1.39 b 1.85 a
%Fructose 0.67 0.83 c 0.83 c 1.11 b 1.58 a
%Sucrose 5.20 6.89 a 6.77 a 5.72 b 4.60 c
%Total sugars 6.88 8.95 a 8.80 a 8.22 b 8.03 b
pH 3.56 3.65 c 3.72 c 3.80 b 4.18 a
TA ♦ 10.05 8.64 a 7.58 b 6.93 b 5.53 c
%Malic acid 0.51 0.47 a 0.47 a 0.41 b 0.32 c
%Citric acid 0.41 0.37 a 0.32 ab 0.28 b 0.27 b
Quinic acid y 142.00 210.00 be 244.00 a 226.00 ab 184.00 c
Gentisic acid 4.64 8.62 a 7.48 ab 6.76 b 6.13 b
Catechin acid 8.24 12.40 a 12.40 a 12.00 a 11.60 a
Chlorogenic acid 4.15 8.17 a 5.72 b 5.35 b 4.65 b
Syringic acid 0.80 1.37 a 1.27 a 1.18 a 1.18 a
z : Mean separation within rows by Duncan's multiple range 
test, 5% level. 
y : mg/100 g fr.wt.
x : Initial values at harvest, prior to treatment.
♦ : ml of 0.IN NaOH.
61
TABLE 17. Effect of storage (at 0°C) duration on 'Hawthorne'




Firmness (N) 54.50 12.70 a z 8.90 b
%Dry weight 
Soluble solids
10.30 10.30 a 10.30 a
(°Brix) 9.75 8.65 a 8.57 a
%Glucose 1.73 1.71 b 2.37 a
%Fructose 0.82 1.36 b 1.88 a
%Sucrose 6.41 5.25 a 4.12 b
%Total sugars 8.96 8.32 a 8.37 a
pH 3.64 4.23 b 4.75 a
TA ♦ 8.70 4.69 a 3.25 b
%Malic acid 0.57 0.32 a 0.24 b
%Citric acid 0.12 0.07 b 0.08 a
z :Mean separation within rows by Duncan's multiple range 
test, 5% level. 
x :Initial values at harvest, prior to treatment.
♦ :ml of 0.1N NaOH.
Effect of 2 days storage at 22°C following removal from 0°c 
storage.
'La Pecher' and 0-85-144 fruit held at room temperature 
for 2 days after storage at 0°C were significantly higher in 
DW, fructose, total sugar, quinic acid, gentisic acid, 
chlorogenic acid and syringic acid content than fruit analyzed 
directly from 0°C storage (Tables 18 & 19) . Citric acid
content in fruit held at 22 °C for 2 days after storage was 
significantly higher than fruit held at 0°C. Glucose, TA, and 
catechin acid did not change significantly during 2 days at 
22°C. 'La Pecher' fruit held at 22°C for 2 days after storage 
had higher SSC, pH and malic acid content than fruit held at 
O’C. SSC, pH and malic acid content did not change
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significantly in 0-85-144 fruit during 2 days at 22 °c.
'L' and 'b' color values were significantly higher in 0- 
85-144 fruit during 2 days post-storage at 22°C, while there 
were no changes in 'La Pecher' fruit. The 'a' value was 
significantly higher in 'La Pecher' fruit, while there was no 
change in 'a' value of 0-85-144 during the 2 days at 22°C.
TABLE 18. Effect of holding 'La Pecher' fruit for 2 days at 
22°C after removal from 0°C storage on physical and chemical 
parameters.
PARAMETER DIRECTLY FROM COOLER AFTER 2 DAYS AT
22 °C
Firmness (N) 25.10 a 1 4.30 b
%Dry weight 10.10 b 10.20 a
Gardner L 54.00 a 54.00 a
Gardner a 24.00 b 27.00 a
Gardner b 33.00 a 32.00 a
Soluble solids (°Brix) 7.90 b 8.40 a
%Glucose 1.30 a 1.30 a
%Fructose 1.16 b 1.22 a
%Sucrose 5.15 b 5.41 a
%Total sugars 7.63 b 7.91 a
pH 3.64 b 3.70 a
TA ♦ 8.04 a 7.64 a
%Malic acid 0.32 b 0.35 a
%Citric acid 0.61 a 0.47 b
Quinic acid y 317.00 b 355.00 a
Gentisic acid 23.60 b 27.20 a
Catechin acid 20.40 a 20.50 a
Chlorogenic acid 5.84 b 7.36 a
Syringic acid 0.72 b 0.87 a
1 :Mean separation within rows by Duncan's multiple range 
test, 5% level. 
y : mg/lOOg fr. wt.
♦ : ml of 0.1N NaOH
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TABLE 19. Effect of holding 0-85-144 fruit for 2 days at 22“C
after removal from 0°C storage on physical and chemical
parameters.
PARAMETER DIRECTLY FROM COOLER AFTER 2 DAYS AT
22 ° C
Firmness (N) 34.12 a 2 7.83 b
%Dry weight 10.20 b 10.30 a
Gardner L 56.00 b 57.00 a
Gardner a 27.00 a 27.00 a
Gardner b 33.00 b 34.00 a
Soluble solids (°Brix) 9.14 a 9.19 a
%Glucose 1.39 a 1.44 a
%Fructose 0.98 b 1.19 a
%Sucrose 6.00 a 6.01 a
%Total sugars 8.37 b 8.65 a
pH 3.82 a 3 • 82 a
TA ♦ 7.32 a 7.12 a
%Malic acid 0.41 a 0.42 a
%Citric acid 0.34 a 0.28 b
Quinic acid y 206.00 b 230.00 a
Gentisic acid 5.92 b 8.62 a
Catechin acid 12.50 a 11.70 a
Chlorogenic acid 4.87 b 7.01 a
Syringic acid 1.16 b 1.36 a
2 :Mean separation within rows by Duncan's multiple range
test, 5% level.
y :mg/100 g fr. wt.
♦ : ml of 0.IN NaOH
DISCUSSION
Controlled atmosphere storage.
High C02 (up to 10%) and low 02 concentrations inhibit 
invertase enzyme, retard degradation of non-reducing sugars 
and cause accumulation of organic acids (Wankier et al., 
1970). Also, CA storage reduces ethylene formation, pectinase 
activity, and celluiase activity, which results in a delay in 
ripening and extension of fruit shelf life.
The 1+5 and 4+5 treated fruit were firmer and had higher 
TA than air stored fruit (Tables 9-12). This is consistent 
with previous reports (Anderson and Penney, 1975, Wankier et 
al., 1970 and Kader et al., 1982). The 1+5 storage treatment 
was the most effective in retarding color change and decay 
development. These results are similar to those in previous 
reports (Brecht et al., 1982).
The 1+5 treated 'Elberta'(Table 9), 'La Pecher' (Table 
10) and 'Hawthorne' (Table 12) fruits were firmer, had lower 
pH and higher TA. The 1+5, 4+5, 7+5, and 20+5 stored
'Hawthorne' fruit had lower SSC than air stored fruit. SSC did 
not change significantly in 'Elberta' and 'La Pecher' under 
1+5 storage. Differences in pH, TA, and SSC of 0-85-144 fruit 
were not significant between 1+5 and air treatments. The 7+5, 
20+5 and air storage conditions did not influence pH, TA, 
fructose, or sucrose content. Storage conditions did not 
influence total sugar content. These results agree with a
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previous report (Wankier et al., 1970), that indicated that CA 
(5% 02 + 2.5% C02) storage had no effect on total sugar content 
of 'Elberta' peaches. Kader et al., (1982) also reported that 
4% 02 and 4% 02 + 5% C02 storage treatments had no effect on 
total sugar content of 'Fay Elberta' peaches.
Citric acid and malic acid were higher in 1+5 stored 
'Elberta9 (Table 9) and 0-85-144 (Table 11) fruit than air. 
Wankier et al., (1970) found malic acid and citric acid were 
lower in CA (5% 02 + 2.5 %C02) treated 'Elberta' fruit than 
air, while quinic acid did not change significantly. Storage 
conditions did not influence malic acid and citric acid 
content of 'Hawthorne' fruit. Malic acid did not change in 1+5 
treatment, while citric acid increased in 'La Pecher' fruit.
Quinic acid did not change in 1+5 stored 'La Pecher' 
fruit, while it decreased in 0-85-144 and 'Elberta' fruit. The 
differences between reports may be due to cultivar differences 
in response to CA and to the use of different 02 and C02 
concentrations.
The 1+5 stored fruit had a better color, was sweeter, and 
possessed better overall peach quality (Tables 10 and 11). 
This agreed with Anderson et al., (1977), who indicated that 
CA (1.4% 02 + 5% C02) treatment reduced internal breakdown and 
maintained peach fruit quality. Watada et al., (1979) reported 
that sweetness of 'Redskin' peaches decreased during CA (1% 02 
+ 5% C02) storage. This discrepancy may be explained by 
cultivar differences in response to CA storage and stage of
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maturity that the fruit were stored at.
Fruit decay was highest for air stored fruit followed by 
the 20+5 and 7+5 treatments (Table 13). The lowest percentage 
of decay was found in fruit stored under 1+5 and 4+5. Kader et 
al., (1982) indicated that fungal growth was not inhibited in 
4% 02, but addition of 5% C02 reduced fungal growth. Brecht 
et al., (1982) also reported that CA storage (2% 02 + 5% C02) 
lowered the incidence of decay in peaches stored for 4 weeks 
at 1.1°C.
Air-stored fruit had a dull appearance, probably due to 
internal breakdown. Fruit were cut open and internal breakdown 
symptoms were flesh browning and mealy texture. This agreed 
with a previous report (Anderson and Penney 1975). Fruit 
stored in 1+5 had a good internal appearance rating and very 
little breakdown after 6-8 weeks at 0°C. Air-stored fruit and 
fruit treated with high 02 concentrations were badly 
discolored and became mealy. Mealiness has been attributed to 
the presence of insoluble low methoxyl pectic substances of 
high molecular weight which are formed by the action of 
pectinesterase during low temperature storage and reduced 
activity of polygalacturonase. Then, internal conductivity is 
reduced and cations bind to the demethylated pectin, which 
forms a rigid gel with water (Lill et al., 1989).
Fruit also developed a watery, gray or brownish breakdown. 
This may have been due to a loss in cell membrane structure 
resulting in oxidation of polyphenolic compounds. The fruit
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breakdown symptoms are consistent with previous reports, 
including Anderson, (1982), Anderson et al., (1969), Buescher 
and Griffith, (1976), Fidler and Wilkinson, (1967) and Hansen, 
(1957). Kader et al., (1982) indicated there was no beneficial 
effect of CA in reducing peach internal breakdown. The 
differences between their findings and those reported herein 
may be due to cultivar differences in response to CA.
Storage duration effect.
During normal ripening, 'a' color value increases (loss 
of chlorophyll and increased formation of carotenoids and 
anthocyanins) and invertase activity increases (sucrose 
degrades to glucose and fructose). Also, respiration rate and 
ethylene formation increases. This results in the utilization 
of organic acids via the tricarboxylic acid cycle (Wankier et 
al., 1970 and Wills et al., 1981).
Robertson et al., (1990) reported that the 'a' color 
value, glucose, and fructose increased with storage time, 
while TA, and sucrose decreased. This is consistent with the 
results reported herein. Also, Neubert et al., (1948) 
mentioned that organic acids and TA decreased with storage 
time, consistent with the data herein. In contrast, Anderson, 
(1979) reported that acidity increased in peaches during 
2 weeks storage at 0°C.
Fruit pH, and reducing sugars increased, while total 
sugars did not change significantly during storage. TA,
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organic acids and firmness decreased during storage (Tables 
14-17). This is consistent with previous reports (Deshpande 
and Salunkhe, 1964; Wankier et al., 1970; Buescher and 
Griffith, 1976; Watada et al., 1979).
It was observed that peaches stored for more than 2 weeks 
at 0 ° C had a fibrous, dry, mealy texture that is 
characteristic of woolliness. This texture was distinctly 
detected by mouthfeel. These observations were consistent with 
previous reports by Buescher and Griffith, (1976).
Effect of 2 days storage at 22"C following removal from 0°C 
storage.
'La Pecher' fruits held at room temperature for 2 days 
after storage at 0°C had a high 'a' color value, higher SSC, 
higher sucrose, higher fructose, higher pH, and lower TA 
(Table 18). Changes during the 2 days of storage in ®L' value, 
SSC, % glucose, pH, 'a' value, and TA of 0-85-144 fruit were 
not significant, which is consistent with previous reports 
(Kader et al., 1982 and Robertson et al., 1990).
Air treated fruit developed external and internal 
pericarp browning at 0°C. The severity of browning intensified 
after removal to 22°C for 2 days. Browning of the pericarp 
tissue began adjacent to the endocarp of the fruit. This 
tissue has very high concentration of anthocyanin compounds 
which oxidise to gray-brown pigments. Browning expression 
radiated out into the mesocarp tissue with increased storage
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duration. These symptoms were similar to those reported by 
Wankier et al., (1970).
Decay was similar for CA (7+5 and 20+5) and air stored 
fruit at 22°C for 2 days following storage at 0°C for 6-8 
weeks. This agrees with Smith and Anderson, (1975). Kader et 
al., (1982) also reported brown rot (Monilinia fructicola  ̂
development resumed once the fruit was transferred from CA (4% 
02 + 5% C02) at 50C to air at 20°C.
It can be concluded that CA (1+5 and 4+5) stored fruit
were firmer, had lower pH, lower reducing sugars, higher TA, 
and higher sucrose content than air stored fruit. The 1+5 and 
4+5 treated fruit has less internal browning and less decayed 
fruits than 7+5, 20+5 and air stored fruit. Changes in organic 
acids were cultivar dependent. CA and air stored fruit had 
little or no significant differences in individual phenolic 
acids.
Firmness, TA, malic acid, citric acid, and sucrose 
decreased, while pH, glucose, fructose, and total sugars 
content increased during storage. Changes in phenolic acids 
content during storage were cultivar related.
Fructose, sucrose, total sugar, SSC, DW, quinic acid,
gentisic acid, chlorogenic acid, and syringic acid content
were higher in fruit stored for 2 days at 22 °C following 
removal from 0°C than fruit analyzed directly from 0°C 
storage. Color and acidity changes differed between cultivars
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and genotypes.
Elevated carbon dioxide and reduced oxygen levels (i.e., 
CA) can retard ripening and maintain peach fruit quality 
during transport for exportation and/or importation. This type 
of storage is of particular importance in both Louisiana and 
Egypt. In Egypt, farmers have started to grow high quality 
peach cultivars in the Sinai region. In order to export these 
fruits, shippers may need to use CA storage to deliver high 
quality produce to distant markets, obtain better prices, and 
develop a reputation for good quality. The same rationale may 
apply in Louisiana for transporting quality peaches within the 
U.S. and to neighboring countries.
CONCLUSIONS
The best two solvents for extracting peach fruit phenolic 
acids were 80% ethanol and 80% methanol. Centrifuging at 
32,570x g and 0°C was the most effective procedure to extract 
peach fruit phenolic acids and had the highest percent of 
recovery. The Lichrosorb RP-18 column provided the best
separation of the major phenolic acids in peach fruit
mesocarp.
The difference in separation of phenolic acids between 
researchers may be explained by the use of different peach 
cultivars and stage of maturity, different wavelengths and 
different extraction methods. The difference in phenolic acid 
retention times between researchers may be due to the use of
different flow rates, use of gradient or isocratic mobile
phases, use of different mobile phases or different columns.
Total and individual phenolic acid concentrations 
differed among peach genotypes. The genotype 0-85-144 had the 
highest quality (i.e., lowest phenolic acid concentration and 
lowest amount of browning), while 'Elberta' and 75-A49-3 had 
the lowest quality. Quinic acid was the major phenolic acid in 
peach mesocarp, followed by catechin, chlorogenic, gentisic 
and syringic acids. Chlorogenic acid and gentisic acid were 
the major phenolic acids contributing to peach pericarp 
browning. Identification of low phenolic acid containing 




Shelf-life and quality of peach fruit can be extended 
considerably by CA (1+5 and 4+5) storage. The 1+5 and 4+5 
treated fruits were firmer, had lower pH, lower reducing 
sugars, higher TA, and higher sucrose content than 7+5, 20+5 
and air stored fruit. The 1+5 and 4+5 treated fruit has less 
internal browning and less decayed fruits than 7+5, 20+5 and 
air stored fruit. The decay problem after removal from cold 
storage remains to be resolved, but may be lessened by usage 
of approved postharvest fungicides.
CA and air stored fruit had little or no significant 
differences in individual phenolic acids. These compounds are 
apparently formed in or are translocated to the mesocarp 
tissue prior to the immature stage of development and remain 
relatively unchanged unless the fruit is subjected to adverse 
conditions (Senter et al., 1989). Changes in organic acids 
were cultivar dependent.
Firmness, TA, malic acid, citric acid, and sucrose 
decreased, while pH, glucose, fructose, and total sugars 
content increased during storage. Changes in phenolic acids 
content during storage were cultivar related.
Fructose, sucrose, total sugar, SSC, DW, quinic acid, 
gentisic acid, chlorogenic acid, and syringic acid content 
were higher in fruit stored for 2 days at 22°C following 
removal from 0°C than fruit analyzed directly from 0°C 
storage. Color and acidity changes differed between cultivars.
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APPENDICES
Appendix 1. Treatment x time interaction effect on 'Elberta'
peach fruit physical and chemical parameters.
PARAMETERS TREATMENT 16 30
DAYS
44 58
Firmness (N) AIR 15.79a 8.90a
1+5 40.03b 10.Ola
% Dry weight AIR 10.45a 10.38a
1+5 10.23b 10.37a
Gardner L AIR 58.10 46.88
1+5 69.85 54.43
Gardner a AIR 14.25 9.45
1+5 12.18 7.40
Gardner b AIR 31.30 22.70
1+5 39.03 27.25
Soluble solids AIR 10.88 8.88
(°Brix) .1+5 10.00 9.63
%Glucose AIR 1.75a 2.65a 2.98a 2.95a
1+5 1 .88a 1.83b 2.18b 2 .00b
%Fructose AIR 1.65a 2.38a 2.88a 3.18a
1+5 1.53a 1.73b 1.73b 1.70b
%Sucrose AIR 6.10 4.63 4.08 3 . 28
1+5 6.90 6.23 5.53. 4.87
%Total sugars AIR 9.50 9.65 9.93 9.40
1+5 10.30 9.18 9.43 8.57
pH AIR 4.36a 4.64a
1+5 4.08b 4.12b
TA AIR 5.23 4.93
1+5 9.20 7.70
%Malic acid AIR 0.34 0.24 0.18 0.14
1+5 0.38 0.30 0,19 0.24
%Citric acid AIR 0.81 0.58 0.76 0.52
1+5 0.87 0.89 0.82 0.74
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Appendix 1 (cont.). Treatment x time interaction effect on
'Elberta' peach fruit physical and chemical parameters.
PARAMETERS TREATMENT 16 30
DAYS
44 58
Quinic acidz AIR 166.70 299.35 330.35 334.65
1+5 191.87 290.37 210.45 281.47
Gentisic acid AIR 8.67 9.07 9.10 10. 63
1+5 7.80 7.40 7.40 8.97
Catechin acid AIR 66.07 83.03 61.53 31.97
1+5 61.73 80.10 35.00 30.87
Chlorogen. acid AIR 19.48 22.65 19.35 11.73
1+5 17.20 20.45 15.93 11.73
Syringic acid AIR 3.00 2.83 2.10 1.55
1+5 2.20 2.23 1.93 1.30
For the significant interactions, means were compared 
within columns by least squares means, for each parameter. 
z mg/lOOg fr. wt.
82
Appendix 2. Treatment x time interaction effect on 'La Pecher'
peach fruit physical and chemical parameters.
DAYS
PARAMETERS TREATMENT 10 20 30 40
Firmness (N) AIR 18.37a 10.01a 6.36a 8.27a
1+5 18.82a 18.55b 18.59b 20.19b
% Dry weight AIR 10.15 10.21 10.13 10.14
1+5 10.18 10.19 10.10 10.13
Gardner L AIR 51.76 51.77 54.58 52.69
1+5 52.97 52.68 56.47 58.10
Gardner a AIR 26.21 25.62 28.52 28.99
1+5 24.03 23.49 25.24 25.54
Gardner b AIR 31.55 31.10 32.88 30.02
1+5 32.19 31.72 34.43 34.42
Soluble solids AIR 8.67 8.79 7.13 8.63
(°Brix) 1+5 8.69 8.38 6.75 8.20
%Glucose AIR 1.07 1.32 1.51 1.60
1+5 1.06 1.04 1.33 1.48
%Fructose AIR 0.92a 1 .22a 1.43a 1.54a
1+5 0.90a 1.00b 1.16b 1.35b
%Sucrose AIR 5.46 5.51 4.78 4.58
1+5 5.95 5.76 5.19 5.00
%Total sugars AIR 7.45 8.05 7.72 7.73
1+5 7.91 7.80 7.68 7.83
pH AIR 3.55a 3.64a 3 .86a 3.86a
1+5 3.53a 3.60a 3.62b 3. 67b
TA AIR 8.64 7.88 6.28 6.59
1+5 9.24 8.05 8.13 7.98
%Malic acid AIR 0.37 0.37 0.29 0.28
1+5 0.41 0.32 0.31 0.31
%Citric acid AIR 0.60 0.42 0.38 0.54
1+5 0.64 0.55 0.60 0.62
Quinic acidz AIR 355.53 346.55 346.51 342.70
1+5 308.98 323.68 322.53 347.31
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Appendix 2 (cont.). Treatment x time interaction effect on
'La Pecher1 peach fruit physical and chemical parameters.
PARAMETERS TREATMENT 10 20
DAYS
30 40
Gentisic acid AIR 25.57 21.39 24.34 31.42
1+5 21.08 26.00 25.86 28.70
Catechin acid AIR 15.89 19.74 22.54 26.91
1+5 14.27 19.27 18.32 24.71
Chlorogen. acid AIR 6.13 6.26 6.38 7.23
1+5 6.15 8.00 5.98 6.60
Syringic acid AIR 0.77a 0.60a 0.81a 1.20a
1+5 0.68a 0.80a 0 • 68a 0.72b
For the significant interactions, means compared within 
columns by least squares means, for each parameter. 
z mg/lOOg fr. wt.
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Appendix 3. Treatment x time interaction effect on 0-85-144
peach fruit physical and chemical parameters.
PARAMETERS TREATMENT 10 20
DAYS
30 40
Firmness (N) AIR 18.15 21.71 17.44 11.79
1+5 26.96 26.96 23.19 24.51
% Dry weight AIR 10.35 10.37 10.23 10.13
1+5 10.37 10.26 10.21 10.20
Gardner L AIR 56.88 58.33 50.30 57.52
1+5 56.46 59.19 52.75 59.51
Gardner a AIR 26.05 26.27 34.31 26.91
1+5 24.85 25.19 29.53 24.38
Gardner b AIR 34. 39 34.76 28.88 33.37
1+5 33.83 35.32 30.65 34.69
Soluble solids AIR 9.79 8.63 9.71 8.83
(°Brix) 1+5 9.75 8.50 9.00 9.21
%Glucose AIR 1.24a 1.38a 1.66a 1.95a
1+5 1.22a 1.02b 1.13b 1.78a
%Fructose AIR 0.88a 0.89a 1.33a 1.70a
1+5 0.78a 0.77a 0.89b 1.48b
%Sucrose AIR 6.74 6.65 5.36 4.29
1+5 7.03 6.89 6.08 4.88
%Total sugars AIR 8.86 8.92 8.35 7.94
1+5 9.04 8.68 8.09 8.14
pH AIR 3.68 3.72 3.81 4.14
1+5 3.61 3.71 3.78 4.27
TA AIR 8.23 7.74 6.90 5.64
1+5 9.05 7.42 6.96 5.14
%Malic acid AIR 0.44 0.47 0.39 0.30
1+5 0.50 0.47 0.42 0.33
%Citric acid AIR 0.32 0.30 0.25 0.25
1+5 0.44 0.34 0.32 0.29
Quinic acid2 AIR 214.94 259.83 236.21 193.83
1+5 203.44 223.14 215.64 173.01
Appendix 3 (cont.). Treatment x time interaction effect on
0-85-144 peach fruit physical and chemical parameters.
PARAMETERS TREATMENT 10 20
DAYS
30 40
Gentisic acid AIR 9.36 7.59 6.52 7.87
1+5 7.59 7.24 5.88 5.41
Catechin acid AIR 13.32 12 79 12.78 12.09
1+5 11.87 11.98 11.06 11.35
Chlorogen. acid AIR 8.18 6.23 5.80 5.10
1+5 7.98 5.08 4.85 4.03
Syringic acid AIR 1.52 1.25 1.38 1.23
1+5 1.18 1.11 1.13 1. 14
For the significant interactions, means compared within 
columns by least squares means, for each parameter.
2 mg/lOOg fr. wt.
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Appendix 4. Time x 2 days at 22°C interaction effect on 'La
Pecher' peach fruit physical and chemical parameters.
0°C ♦ DAYS
PARAMETERS 22°C* 10 20 30 40
Firmness (N) 0 31.76a 24.78a 20.15a 25.18a
22 5.38b 3.78b 4.80b 3.29b
% Dry weight 0 10.13 10.15 10.07 10.09
22 10.20 10.25 10.15 10.18
Gardner L 0 51.77 52.33 54.18 56.90
22 52.96 52.12 56.88 53.89
Gardner a 0 23.38 22.82 25.76 25.48
22 26.87 26.29 28.00 29.06
Gardner b 0 31.37 31.41 32.83 33.58
22 32.38 31.40 34.49 30.86
Soluble solids 0 8.23b 8.29a 7.13a 7.88b
(°Brix) 22 9.13a 8.88b 6.75b 9.00a
%Glucose 0 1.14 1.17 1.38 1. 61
22 1.00 1.19 1.47 1.47
%Fructose 0 0.93 1.07 1.24 1.42
22 0.90 1.16 1.35 1.48
%Sucrose 0 5.43 5.62 4.91 4.63
22 5.98 5.65 5.06 4.95
%Total sugars 0 7.49 7.85 7.53 7.66
22 7.87 8.00 7.88 7.89
pH 0 3.54 3.56 3.73 3.71
22 3.54 3.68 3.74 3.82
TA 0 8.87 8.59 7.14 7.48
22 9.01 7.34 7.27 7.08
%Malic acid 0 0.39 0.34 0.26 0.27
22 0.39 0.35 0.34 0.32
%Citric acid 0 0.66 0.55 0.52 0.70
22 0.59 0.42 0.46 0.46
Quinic acidz 0 315.27 315.42 306.46 336.80
22 349.24 354.81 362.58 353.22
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Appendix 4 (cont.). Time x 2 days at 22°C interaction effect
on 'La Pecher' peach fruit physical and chemical parameters.
PARAMETERS
o°c ♦
22 °C* 10 20
DAYS
30 40
Gentisic acid 0 22.80 19.84 23.86 26.72
22 23.85 27.55 26.34 33.40
Catechin acid 0 15.50 18.79 19.37 25.74
22 14.66 20.22 21.49 25.88
Chlorogen. acid 0 5.58 5.91 5.74 5.94
22 6.69 8.34 6.62 7.89
Syringic acid 0 0.58 0.64 0.72 0.85
22 0.86 0.77 0.77 1.07
For the significant interactions, means compared within 
columns by least squares means, for each parameter.
♦: Fruits taken directly from 0°C for analysis.
Fruits left 2 days at 22°C after storage at 0°C. 
z mg/lOOg fr. wt.
Appendix 5. Time x 2 days at 22 °C interaction effect on 0-85-
144 peach fruit physical and chemical parameters.
O'C ❖ DAYS
PARAMETERS 22 °C* 10 20 30 40
Firmness (N) 0 39.19a 43.01a 31.72a 24.55a
22 5.96b 5.96b 9.18b 12.01b
% Dry weight 0 10.30 10.24 10.16 10.14
22 10.41 10.39 10.28 10.19
Gardner L 0 57.02a 59.75a 47.03b 59.79a
22 56.33a 57.78a 56.02a 57.25a
Gardner a 0 24.73a 23.88b 35.27a 24.10b
22 26.17a 27.58a 28«57b 27.19a
Gardner b 0 34.19a 35.44a 26.92b 35.22a
22 34.03a 34.64a 32.60a 32.84b
Soluble solids 0 9.67 8.92 9.04 8.92
(“Brix) 22 9.88 8.21 9.67 9.13
%Glucose 0 1.43a 1.18a 1.25b 1. 68b
22 1.04b 1.22a 1.53a 2. 04a
%Fructose 0 0.81a 0.76a 0.90b 1.43b
22 0.85a 0.90a 1.32a 1.75a
%Sucrose 0 6.75 6.63 5.93 4.71
22 7.03 6.92 5.50 4.46
%Total sugars 0 8.98 8.57 8.09 7.83
22 8.92 9.03 8.35 8.25
pH 0 3.62 3.68 3.84 4.16
22 3.68 3.75 3.75 4.25
TA 0 9.11 8.03 6.49 5. 64
22 8.18 7.13 7.37 5.14
%Malic acid 0 0.50 0.44 0.38 0.31
22 0.45 0.50 0.45 0.32
%Citric acid 0 0.36 0.36 0.35 0.28
22 0.41 0.28 0.23 0.26
Quinic acidz 0 201.07 221.13 221.54 174.62
22 217.32 261.85 230.30 192.22
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Appendix 5 (cont.). Time x 2 days at 22°C interaction effect
on 0-85-144 peach fruit physical and chemical parameters.
PARAMETERS
0°C ♦ 
22 °C* 10 20
DAYS
30 40
Gentisic acid 0 6.12 6.02 4.83 6.55
22 10.83 8.81 7.58 6.73
Catechin acid 0 15.54a 11.75a 12.03a 10.65a
22 9.65b 13.03a . 11.81a 12.78a
Chlorogen. acid 0 7.04 4.17 4.17 4.54
22 9.12 7.13 6.48 4.59
Syringic acid 0 1.20 0.94 1.31 1. 09
22 1.49 1.42 1.20 1.28
For the significant interactions, means compared within 
columns by least squares means, for each parameter.
♦: Fruits taken directly from 0°C for analysis.
*: Fruits left 2 days at 22°C after storage at 0°C. 
z mg/lOOg fr. wt.
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Appendix 6. Treatment x 2 days at 22°C interaction effect on
'La Pecher' peach fruit physical and chemical parameters.
PARAMETERS TREATMENT DIRECTLY FROM AFTER 2 DAYS
COOLER (0°C) AT 22°C
Firmness (N) AIR 18.59a 2 • 89a
1+5 32.29b 5.78a
% Dry weight AIR 10.12 10.19
1+5 10.10 10.20
Gardner L AIR 53.19 52.22
1+5 54.40 55.71
Gardner a AIR 25.60 29.07
1+5 23.12 26. 04
Gardner b AIR 31.61 31.16
1+5 32.98 33.40
Soluble solids AIR 8.15 8.46
(°Brix) 1+5 7.62 8.40
%Glucose AIR 1.42 1.33
1+5 1.23 1.23
%Fructose AIR 1.26 1.30
1+5 1.07 1. 14
%Sucrose AIR 4.97 5.20
1+5 5.33 5. 63
%Total sugars AIR 7. 64 7.83
1+5 7. 62 8.00
PH AIR 3.65a 3.80a
1+5 3.62a 3.59b
TA AIR 7.76a 6.94b
1+5 8.28a 8.42a
%Malic acid AIR 0.31 0.34
1+5 0.32 0.36
%Citric acid AIR 0.57 0.40
1+5 0.65 0.56
Quinic acid1 AIR 330.89 364.76
1+5 306.08 345.17
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Appendix 6 (cont.). Treatment x 2 days at 22°C interaction
effect on 'La Pecher' peach fruit physical and chemical
parameters.
PARAMETERS TREATMENT DIRECTLY FROM 
COOLER (0°C)
AFTER 2 DAYS 
AT 22°C
Gentisic acid AIR 24.15 27.21
1+5 22.47 28.36
Catechin acid AIR 20.92 21.62
1+5 18.78 19.50
Chlorogen. acid AIR 5.85 7.16
1+5 5.74 7. 61
Syringic acid AIR 0.72 0.97
1+5 0.67 0.77
For the significant interactions, means compared within 
columns by least squares means, for each parameter. 
z mg/lOOg fr. wt.
Appendix 7. Treatment x 2 days at 22°C interaction effect on
0-85-144 peach fruit physical and chemical parameters.
PARAMETERS TREATMENT DIRECTLY FROM AFTER 2 DAYS
COOLER (0°C) AT 22°C
Firmness (N) AIR 27.96b 6.81a
1+5 41.14a 9.70a
% Dry weight AIR 10.22 10.32
1+5 10.20 10.31
Gardner L AIR 55.73 55.78
1+5 56.06 57.90
Gardner a AIR 27.53a 29.24a
1+5 26.46a 25.5lb
Gardner b AIR 32.81 32.89
1+5 33.08 34.17
Soluble solids AIR 9.25 9.23
(°Brix) 1+5 9.02 9.21
%Glucose AIR 1.50 1.61
1+5 1.27 1.30
%Fructose AIR 1.08 1.32
1+5 0.87 1.09
%Sucrose AIR 5.78 5.74
1+5 6.23 6.21
%Total sugars AIR 8.37 8.67
1+5 8.37 8.61
pH AIR 3.84 3 .84
1+5 3.81 3 .88
TA AIR 7.09 7.17
1+5 7.55 6.73
%Malic acid AIR 0.38 0.42
1+5 0.43 0.43
%Citric acid AIR 0.31 0.25
1+5 0.36 0.33
Quinic acidz AIR 215.11 237.30
1+5 194.07 213.55
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Appendix 7 (cont.). Treatment x 2 days at 22°C interaction
effect on 0-85-144 peach fruit physical and chemical
parameters.
PARAMETERS TREATMENT DIRECTLY FROM 
COOLER (0°C)
AFTER 2 DAYS 
AT 22°C
Gentisic acid AIR 6.41 9.26
1+5 5.35 7.72
Catechin acid AIR 12.67 12.83
1+5 12.32 10.81
Chlorogen. acid AIR 5.22 7.44
1+5 4.75 6.22
Syringic acid AIR 1.27 1.41
1+5 1.00 1.28
For the significant interactions, means compared within 
columns by least squares means, for each parameter. 
z mg/lOOg fr. wt.
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Appendix 8. Treatment x time interaction effect on 'Hawthorne'
peach fruit physical and chemical parameters.
DAYS
PARAMETERS TREATMENT 21 42
Firmness (N) AIR 7.12 4.58
1+5 21.48 13.43
4+5 15.21 12. 01
7+5 13.34 8.90
20+5 6.32 6.09





Soluble solids AIR 10.25 9.17




%Glucose AIR 1.81 2.33









Sucrose AIR 5.22a 3.81a










Appendix 8 (cont.). Treatment x time interaction effect on









TA AIR 5.08 2.52
1+5 4.98 3.82
4+5 4.88 3.97
7+5 4.32 3 .20
20+5 4.18 2.73
%Malic acid AIR 0.33a 0. 20a




%Citric acid AIR 0.07a 0.07a
1+5 0.07a 0.07a
4+5 0.06a 0.09a
7+5 0.06a 0 .10b
20+5 0.07a 0.08a
For the significant interactions, means compared within 
columns by least squares means, for each parameter.
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